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INTRODUCTION. 


ACKNOWLEDGMENTS. 

In  the  later  days  of  my  cpiinectioii  with  the  Lick  Observatory  it  became  my 
desire  to  see  a  number  of  the  star  and  comet  photographs  that  I  had  made  col- 
lected into  a  volume.  The  expense  of  reproducing  the  pictures  prohibited  this, 
unless  outside  financial  help  could  be  obtained.  It  became  my  duty,  therefore,  to 
secure,  if  possible,  the  necessary  money  for  this  purpose.  This  was  successfully 
accomplished  through  correspondence  and  by  personal  interviews.  No  serious 
difficulty  was  experienced  and  I  can  not  help  but  be  grateful  for  the  friendly 
manner  in  which  all  the  contributions  were  made.  The  total  amount  thus  con- 
tributed was  $2,225. 

I  would  gratefully  acknowledge  ni}'  indebtedness  to  the  generosity  of  the 
following  persons  whose  liberal  contributions  made  possible  the  reproduction  of 
the  photographs  for  this  volume: 


William  Alvord 

Thomas  B.  Bishop 

MivSS  Catherine  W.  Bruce 

W.  \V.  Campbell 

a.  l.  colton 

Col.  Charles  F.  Crocker 
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Charles  Goodall 

A.  Hayward 

I.  \V.  Hellman 

Miss  Ella  V.  Hohart 


Timothy  Hopkins 
Mrs.  Kohl 
E.  J.  Molera 
Samuel  Mi;rphy 
C.  D.  Perrine 
James  D.  Phelan 

WiLLL'VM    M.    PlERSON 

j.  m.  schaeberle 
Irving  M.  Scott 
R.  H.  Tucker 


I  am  specially  indebted  to  Mr.  E.J.  Molera,  who  went  with  me  to  see  some  of 
the  contributors.  I  am  deeph'  indebted  to  Professor  J.  M.  Schaeberle,  who  was 
the  first  contributor  and  whose  encniragemcnt  tliroughout  was  of  the  greatest 
help  in  securing  other  subscriptions.  I  am  also  grateful  to  the  memory  of  the 
late  Professor  George  Davidson,  who  secured  for  me  a  handsome  sum,  and  whose 
friendly  interest  in  the  work  was  of  great  value.  I  am  also  indebted  to  Professor 
\V.  H.  Wright  for  having  secured  for  me  a  large  contribution. 

Mingled  with  the  pleasure  of  finally  bringing  out  this  volume  is  the  sad 
knowledge  that  since  the  contributions  for  the  work  were  made  a  number  cjf  the 
subscribers  have  passed  on  to  their  final  rest. 
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lo  Pl'BLICATIOXS    OF    TlUi    fJCK    OBSERJ^ITORY. 

In  conclusion,  I  wish  to  express  ni\'  deep  obligations  to  Professor  W.  W. 
Campbell.  Director  of  the  Lick  Observatory,  for  many  courtesies,  and  especially 
for  help  in  the  final  publication  of  the  volume. 

I  am  also  deeply  indebted  to  my  niece.  Miss  Mary  R.  Calvert,  for  invahiable 
help  in  the  preparation  of  the  manuscript  and  of  the  negatives,  in  the  checking 
and  identification  of  the  star  lists,  and  in  many  other  waj's. 

I  am  indebted  to  Professor  E.  S.  Holden,  former  Director  of  the  Lick  Observ- 
atory, for  placing  the  Crocker  Telescope  at  my  disposal  for  the  work  of  sectiring 
these  photographs. 

To  Mr.  Clarence  Hough,  president  of  the  Chicago  Photogravure  Conipan\',  I 
am  indebted  for  many  courtesies,  and  to  Mr.  A.  B.  Brunk,  superintendent  of  the 
above  firm,  I  owe  ever\*thing  in  the  way  of  excellence  that  pertains  to  the  repro. 
ductions.  With  unbounded  patience  and  skill,  and  with  a  deep  interest  in  the 
outcome,  he  has  endeavored  in  every  way  to  produce  the  best  possible  work. 

I  also  owe  many  obligations  to  Professor  E.  B.  Frost,  Director  of  the  Yerkes 

m 

Observatory,  and  to  Professor  George  E.  Hale,  Director  of  the  Solar  Observatory 
of  the  Carnegie  Institution,  for  courtesies  extended  to  me  at  various  times  during 
the  progress  of  the  work. 


TIIK  REPRODUCTlONwS. 

The  very  great  dela\'  in  the  appearance  of  this  volume  of  photographs  can 
only  be  attributed  to  the  writer's  anxietj'  to  secure  the  best  possible  reproductions 
of  the  original  pictures.  Various  methods  of  reproduction  were  tried,  only  to 
meet  with  disappointment  and  failure.  The  process,  finally  adopted,  is  known  as 
the  "collot\'pe,-'  which  consists  of  a  printing  surface  on  a  ground  glass  plate,  that 
can  be  used  for  ink  printing  in  the  ordinar}-  press.  This  process  is  capable  of 
giving  excellent  results  in  the  hands  of  an  expert,  but  under  ordinary  conditions 
it  i.s  undesirable  from  the  various  difficulties  that  beset  it,  apparentl}'^,  on  all  sides. 

The  work  was  begun  in  1895-6,  and  thirtjxsix  plates  were  then  completel}'' 
printed.  The  reproductions  becoming  unsatisfactory,  it  was  abruptly  stopped. 
These  thirty-six  plates  were  paid  for  b}'  the  writer,  personally.  Eleven  com- 
plete sets  were  finally  rejected,  so  that  only  twent\'-five  of  those  first  printed  are 
used  in  the  volume.  After  some  fifteen  years'  delaj'  the  w^ork  w^as  again  restimed. 
In  the  mean  time  trials  had  been  made  of  other  processes  in  various  cities.  The 
collotype  seemed,  after  all,  to  be  the  most  satisfactor}-.  Fortunately,  the  same 
man  was  able  to  take  tip  the  work  again,  and  his  previous  experience  with  the 
pictures  was  of  the  greatest  importance.  Hence,  to  the  skill  and  intelligent 
interest,  and  especially  to  the  enthusiasm  of  Mr.  A.  B.  Brunk,  of  the  Chicago 
Photogravure  Company,  belong  whatever  excellence  these  reproductions  ma}' 
possess. 
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The  collot3-pe  is  an  old  but  interesting  process,  and  one  not  well  known  to 
the  average  person  in  these  da3^s  of  half-tones  It  has  some  advantage  over  the 
half-tone.  Lantern  slides  and  enlargements  may  be  made  from  the  pictures,  and 
in  the  close  examination  of  small  stars  it  avoids  the  confusion  produced  by  the 
screen  of  the  half-tone.  I  have  prevailed  upon  Mr.  Brunk  to  give  me  an  account 
of  the  process  as  worked  by  him.  The  work  is  verj''  delicate,  and  no  written 
description  can  present  all  the  little  niceties  in  the  actual  working,  and  the  diffi- 
culties that  must  be  overcome  before  the  result  is  a  success. 


THE  COLLOTYPE  PROCESS. 

The  illustrations  in  this  volume  were  printed  on  cylinder  presses  from  plates  prepared 
by  the  photo-gelatin  process,  also  known  as  "collotype,"  a  brief  description  of  which  is 
given  in  the  following:  Gelatin  solution,  sensitised  with  bichromate  of  ammonia,  is  poured 
over  a  heavy  glass  plate,  forming  thereon  a  very  thin  coating  which,  after  havnig  been 
baked  in  an  oven  at  a  moderate  temperature,  represents  the  picture  carrier  proper,  now 
firmly  adhering  to  the  (printing)  plate.  The  image  of  any  given  subject  is  obtained  on 
the  plate  by  slowly  exposing  its  sensitive  surface  under  a  negative  to  (preferably)  arti- 
ficial light.  This  manipulation  is  similar  to  that  of  the  printing  of  a  photograph  except 
that  for  this  process  a  reversed  negative  is  required.  During  the  exposure,  the  chromatic 
gelatin  undergoes  a  change  to  the  effect  that  wherever  the  light  is  permitted  to  pass 
through  the  negative  it  will  harden  the  gelatin  surface  and  the  various  degrees  of  hard- 
ening will  correspond  minutely  to  the  various  values  of  the  negative.  When  the  exposure 
is  closed,  the  plate  is  bathed  in  running  water  for  the  purpose  of  fixing  the  picture  and 
w^ashing  the  bichromatic  salts  out  of  those  parts  of  the  gelatin  that  were  not  affected  by 
the  light. 

The  changes  taking  place  on  the  gelatin  surface  during  the  exposure,  were  observed 
accidentally,  at  about  the  middle  of  the  last  century,  and  through  another  accidental 
observation,  a  few  years  later,  it  was  found  that  chromatic  gelatin,  when  properly  moist- 
ened with  water,  will  accept  printer's  ink  in  its  exposed  (/.  c.  hardened)  parts  in  exact 
proportion  to  the  various  degrees  of  hardening ;  while  the  same  ink  will  be  rejected  by  the 
gelatin  in  all  those  parts  of  the  plate  not  affected  by  the  light,  for  instance,  among  others, 
in  the  very  dense  or  opaque  parts  of  the  negative.  The  gelatin  not  having  been  hard- 
ened in  these  places,  holds  enough  moisture  to  repulse  the  greasy  ink.  Thus  the  highest 
lights  will  appear  alongside  of  heavy  shadows  together  with  all  the  intermediate  values  as 
they  are  shown  in  a  good  picture,  provided  due  care  has  been  exercised  during  the  various 
stages  of  operation.  For  best  results,  it  is  also  quite  essential  that  faultless  negatives  be 
used,  since  the  means  of  eliminating  defects  in  negatives  are  rather  limited  with  this 
process,  because  of  its  extraordinary  faithfulness  of  reproduction.  Negatives  afflicted  with 
fogginess  should  not  be  used. 

In  quite  a  few  instances  these  photo-gelatin  prints  have  been  pronounced  as  being 
superior  to  photographs,  because  the  weaker  parts  of  a  negative,  which  often  are  lost  in  a 
photograph,  can  be  well  preserved  on  the  process  plate  through  additional  local  exposures 
and  with  the  aid  of  carefully  handled  burning-lenses. 

These  process  pictures  are  of  great  durability  and  they  are  not  subject  to  changes  like 

fading  photographs. 

A.  B.  BRUNK, 

August  15,  1912.  Chicago  Photogravure  Company. 
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THE  *'\V1U.ARD"  PHOTOGRAPAIC  LENS. 

The  so-called  ^'Willard"  lens  is  of  more  than  passing  interest,  and  a  brief 
acconnt  of  what  is  known  of  it  mav  be  of  historical  value. 

Willard,  from  all  I  can  learn,  was  not  a  maker  of  lenses,  but  simpl};  a  photo- 
graphic stock  dealer.  I  have  been  informed  that  the  lenses  bearing  his  name 
were  made  by  Charles  F.  Usncr  in  New  York  Cit}^  who,  in  the  early  days  of  pho- 
tography, made  portrait  lenses  for  such  stock  dealers  as  Willard  &  Co.  and 
Holmes,  Booth  &  Hayden.  These  large  lenses  were  used  for  making  portraits 
during  the  wet-plate  period  of  photograph\^  Their  great  size  was  necessary  to 
collect  as  much  light  as  possible  and  thus  to  shorten  the  exposure  for  portrait 
sittings.  Upon  the  introduction  of  the  extremelj-  sensitive  dry  plates  they  were 
no  longer  needed,  and  much  smaller  and  less  expensive  lenses  were  substituted. 

The  advent  of  the  Willard  lens  into  astronomical  work  was  due  to  the 
total  eclipse  of  the  Sun,  which  was  visible  in  northern  California  on  January  i, 
1889.  Through  the  influence  of  Professor  Holden,  a  large  number  of  amateur 
photographers,  especially  those  in  San  Francisco  and  neighboring  cities,  became 
greatly  interested  in  this  eclipse.  Under  the  general  supervision  of  Mr.  Charles 
Burckhalter  of  the  Chabot  Observator}',  Oakland,  California,  these  amateur  pho- 
tographers, many  of  whom  were  very  skillful,  were  assigned  positions  on  the  line 
of  totality  to  secure,  with  crude  appliances,  the  best  results  obtainable  in  the 
representation  of  the  corona.  Some  of  tlie  photographs  were  excellent,  especially 
those  taken  by  Messrs.  Wm.  Lowden,  F.  R.  Ziel,  and  Wm.  Ireland. 

Mr.  Ireland  was  especially  fortunate  in  being  able  to  secure  the  use  of  a  large 
portrait  lens  of  some  6  inches  aperture  and  31  inches  focus,  which  he  borrowed 
for  the  occasion  from  Wm.  Shew,  a  photographer  on  Montgomery  Street,  San 
Francisco,  who  had  used  the  lens,  w^hich  had  originally  cost  several  hundred  dol- 
lars, for  making  fashionable  portraits  (especially  in  the  later  sixties).  Though 
Mr.  Ireland  had  no  equatorial  mounting  for  the  lens,  his  photographs  were  very 
successful,  particularly  in  showing  the  great  extent  of  the  coronal  streamers. 

Impressed  by  the  excellent  results  from  this  lens,  Director  Holden  purchased 
it  from  Mr.  Shew  for  the  Lick  Observatory  with  funds  provided  for  the  purpose 
by  Hon.  C.  F.  Crocker. 

I  had  been  endeavoring  to  photograph  the  star  clouds  of  the  Milky  Wa}^  with 
a  small  Voigtlander  rectilinear  lens  attached  to  the  6-inch  equatorial,  but  because 
of  the  slowness  of  the  lens,  had  secured  but  feeble  impressions  of  these  clouds. 
The  great  light  ratio  of  the  old  6-incli  lens,  suggested  that  it  would  perhaps  serve 
my  purpose.  The  results  of  some  experiments  wliicli  I  made  with  it  in  photo- 
graphing the  Milky  Way  were  very  beautiful  and  intensely  interesting.  When 
the  importance  of  the  lens  for  such  astn^noniical  work  became  apparent,  Professor 
Holden  placed  it  in  the  hands  of  Brashear,  who  refigured  it  and  greatU'  improved 
the  definition  of  the  star  images. 
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DIMENSIONS  OF  THE  LENS. 

The  following  measures  of  the  lens  were  made  by  the  writer  soon  after  its 
purchase  by  the  Lick  Observatory: 

Diameter  of  the  front  lens,  5.85  inches  =  14S.6  mm. 
Solar  focus,  42.59  inches  =  10S.2  cm. 
Diameter  of  the  back  lens,  6.73  inches       171.0  mm. 
Solar  focus,  70.2  inches  =  178.3  cm. 

The  distance  from  the  rear  surface  of  the  front  lens  to  the  surface  of  the 
back  lens  was  12.8  inches.  A  diaphragm  of  3.83  inches  aperture  was  placed 
between  the  two  sets  of  lenses  at  a  distance  of  5.54  inches  from  the  front  lens. 

A  recent  determination  from  negatives  made  in  1895  gave 

Focus:  30.66  inches  =  778.9  mm. 

Scale:      i  inch  =  i°.8i;  .*.  i  cm.  =  0^.71. 

A  small  lantern  lens  was  also  frequently  used.  Indeed,  it  was  with  the  lan- 
tern lens  that  the  remarkable  nebula  of  v  Scorpii  was  discovered. 


THE  WORK  WITH  THE  LENS. 

The  early  Milky  Waj^  and  comet  photographs  were  made  with  the  **Willard" 
lens  in  a  wooden  camera  box  strapped  onto  the  63^ -inch  equatorial  as  a  guiding 
telescope.  The  photographs  of  Swift's  comet  were  thus  made.  Afterwards  the 
lens,  in  its  wooden  box,  was  transferred  to  an  ordinarj'  equatorial  mounting  made 
by  Brashear,  and  fastened  to  a  flat  iron  plate  which  was  attached  to  the  upper  end 
of  the  declination  axis  (see  frontispiece).  This  mounting,  as  well  as  the  lens,  was 
the  gift  of  Hon.  C.  F.  Crocker,  and  the  telescope,  therefore,  bears  his  name.* 
This  usual  form  of  equatorial  mounting  did  not  permit  exposures  to  be  carried 
through  the  meridian,  which,  except  in  south  declinations,  was  a  great  draw- 
back to  the  work.  The  only  available  means  of  guiding  was  a  small  telescope,  of 
2.4-inch  aperture,  belonging  to  the  writer.  This  was  fastened  to  the  wooden 
camera  box. 

There  was  no  means  of  illuminating  any  spider  threads.  Fine  iron  wires 
were,  therefore,  inserted  between  the  lenses  of  a  negative  ej^epiece.  These  were 
coarse  enough  to  be  just  visible,  in  black  relief,  on  the  dark  sky.  A  star  in  focus 
would  be  hidden  behind  these  wires.  To  render  it  visible,  therefore,  the  image  of 
the  guiding  star  was  thrown  slightly  out  of  focus.     The  intersection  of  the  wires 


♦Hon.  C.  F.  Crocker  has  authorized  the  construction  of  an  equatorial  stand  to  take  the  Willard  photographic 
telescope  bought  by  him  for  the  observation  of  the  eclipse  of  December,  1889.  The  mounting  will  be  made  by 
Mr.  Brashear,  and  will  be  provided  with  a  driving  clock,  controlled  in  the  manner  invented  by  Mr.  Keeler.  The 
Willard  lens,  together  with  a  s^j-inch  Dallmeyer  camera  (lent  to  us  by  Mr.  Picrsonj,  will  be  mounted  side  by  side, 
for  the  present,  and  will  be  employed  by  Mr.  Barnard  in  making  photographs  of  the  Milky  Way. — K.  S.  II. 
Publ.  A,  S.  P.  2,  J2S,  iSgo. 
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placed  over  this  small  luminous  disc  for  guiding,  produced  four  small  segments  of 
light.  During  the  exposure  the  illuminated  quadrants  were  kept  perfectly  equal — 
the  slightest  deviation  from  equality  could  be  detected.  This  method  permits 
great  accuracy  in  guiding,  even  with  a  small  telescope,  but  it  requires  a  brighter 
star  to  guide  on  than  usual.  For  a  comet  without  a  bright  nucleus,  however,  the 
guiding  became  a  serious  question,  subject  to  considerable  uncertainty,  especially 
if  the  comet  was  faint.  This  will  account  for  the  ragged  condition  of  the  trails 
in  the  case  of  Brooks's  comet.  These  dark  guiding  wires  were  used  with  the 
6}^-inch,  as  well  as  with  the  smaller  telescope. 

For  housing  the  instrument  in  this  form  a  small  observatory  building,  with  a 
dome  and  a  very  wide  shutter,  was  erected  near  the  water  tank  **Huyghens," 
where  it  still  stands.     (Sec  frontispiece.) 

KLKCTRICAL  PHENOMENA. 

To  judge  from  the  almost  entire  absence  of  electrical  storms  on  Mount  Ham- 
ilton, one  would  get  the  impression  that  very  little  electricity  was  present  in  any 
form.  While  guiding,  in  making  these  photographs  with  the  Willard  lens,  how- 
ever, the  writer  frequently  met  with  a  singular  experience  which,  while  it  may 
not  be  a  new  one,  was  at  least  an  unknown  feature  to  me  at  the  time.  Perhaps  I 
may  be  permitted  to  describe  it  in  connection  with  the  present  work. 

On  chilly  or  cold  nights  I  wore  an  Esquimaux  coat  made  of  reindeer  skin,  and 
heavy  rubber  overshoes.  Frequently,  on  bringing  the  eye  to  the  telescope  on 
such  nights  a  spark  would  discharge  with  a  slight  shock  between  the  eye  and  the 
eyepiece.  This  was  extremel}'  annoj'ing,  and  finally  became  so  disagreeable  that 
it  was  found  convenient  frequently  to  touch  the  metal  of  the  instrument,  which 
would  produce  a  discharge  from  the  finger  instead  of  from  the  eye.  The  probable 
explanation  of  this  phenomenon  is  that  it  was  due  to  the  fur  coat  and  the  insula- 
tion of  the  rubber  overshoes,  the  body  becoming  electrically  charged  like  a  Leyden 
jar.  The  approach  of  the  eye  to  the  eyepiece  would  discharge  this  electricity  into 
the  telescope  from  the  eye.  This  phenomenon,  under  similar  circumstances,  some- 
times occurred  in  observing  with  the  36-incli  refractor.  Neither  telescope,  at  that 
time,  had  any  electrical  appliances. 

On  one  occasion,  w^hcn  going  to  bed  in  the  early  morning,  the  conditions  were 
such  that  rubbing  the  hands  over  the  sheets  produced  a  perfect  shower  of  sparks, 
apparently  threatening  to  set  the  sheets  on  fire. 

There  were  also  other  similar  manifestations  of  an  electrical  nature  at  dif- 
ferent  times. 

TIIK  CONDITION  OF  TIIIC  ORIGINAL  NEGATIVES. 

A  few  of  the  verv  early  iiei^ativcs  have  badlv  deteriorated  from  a  want  of  com- 
plete  fixation.  These  plates  arc  brownish  3'ellow  in  large  areas  and  can  not  be 
copied  now  (except  perhaps  with  an  isochroniatic  plate  and  a  yellow  screen),  but 
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fortunately,  before  this  deterioration  began,  I  had  made  glass  positives  of  these 
from  which  duplicate  negatives  were  made.  In  fact,  duplicate  negatives  have 
been  made  of  all  the  originals  used  in  this  volume.  These  are  permanent.  No 
serious  loss,  therefore,  has  occurred  or  can  occur. 

Perhaps  in  extenuation  of  this  oversight  in  the  fixing  it  would  be  as  well  to 
say  that  a  worker  in  the  wet  plate  process  (as  I  had  been),  was  more  apt  to  sin  in 
this  respect  than  a  beginner  in  photography,  because,  with  the  collodion  process, 
only  a  comparatively  short  fixation  was  necessary.  The  same  held  true  for  the 
washing  of  the  negatives — a  very  little  washing  serving  for  a  wet  plate.  My 
previous  experience  in  wet  plate  work  misled  me,  so  that  some  of  the  first  nega- 
tives (dry  plates)  were  not  thoroughly  fixed.  The  effect  of  this  mistake  did  not 
show  at  once,  but  after  some  years  the  negatives  became  brownish,  and  will  ulti- 
mately be  destroyed.  At  present  there  seems  to  be  no  remedy  for  a  negative  in 
this  condition.  Insufficient  washing  is  not  necessarily  so  fatal  to  permanency,  for 
if  signs  of  a  defect  in  this  direction  are  detected  soon  enough,  little  or  no  injnry 
will  have  occurred  and  the  plate  can  then  be  thoroughly  washed.  The  effects  of 
incomplete  fixation,  however,  can  not  be  remedied  so  far  as  I  know,  even  when 
the  deterioration  is  detected  in  its  earliest  stages. 

Some  of  these  early  plates  were  varnished  and  they  seem  to  have  suffered  very 
little.  I  have  noticed  some  of  these  carefully^  and  where  certain  portions  of  the 
film  near  the  edges  of  the  plate  failed  to  be  covered  with  the  varnish,  the  film  has 
gone  bad.  It  is  extremely  important  that  the  negative  should  be  varnished  as  a 
further  preventive  of  deterioration,  as  it  protects  the  film,  the  gelatin  being  very 
much  affected  by  atmospheric  conditions.  Above  all  things,  however,  the  plate 
must  be  thoroughly  fixed.  It  is  not  safe  to  assume  that  the  negative  is  fixed  as 
soon  as  it  is  cleared  in  the  hypo.  To  remove  a  plate  from  the  fixing  bath  under 
such  conditions  is  almost  certain  to  insure  its  ultimate  destruction.  It  should 
remain  in  the  hypo  at  least  fifteen  minutes  after  it  is  apparently  fixed.  A 
thorough  washing  is  also  necessary  to  remove  the  h3-po  from  the  gelatin. 


EASILY  REMEDIED  DEFECTS  IN  NEGATIVES. 

There  is  one  class  of  defects,  however,  that  sometimes  conies  on  a  negative 
or  positive  in  the  drying,  or  later  by  accident,  about  which  I  have  not  seen  any- 
thing written.  If  a  negative  is  wet  again  after  it  is  dry,  ** tears"  will  almost  cer- 
tainly form  in  the  drying.  Sometimes  they  occur  in  the  original  drying  of  the 
negative.  These  often  leave  semi-transparent  markings.  If  examined  clo.sely,  it 
will  be  seen  that  the  film  is  thinner  at  these  points  or  they  will  appear  as  slight 
indentations.  By  accident,  in  the  early  da3-s  at  the  Lick  Observatory,  I  found 
the  remedy  for  these.  Thoroughly  wet  the  negative  again.  The  markings  will 
quickly  disappear.     To  prevent  a  repetition  of  the  trouble,  remove  all  the  water 
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from  the  film  carefully  with  absorbent  cotton  before  putting  to  drj'.  If  drops  of 
water  get  on  a  plate  when  dry  they  will  cause  these  peculiar  markings.  Of  course 
the  remedy  is  the  same  as  before.  If  a  negative  happens  to  be  near  a  window 
and  fine  snow  is  blown  in  on  it,  wherever  a  speck  of  snow  touches  the  plate  a 
minute  transparent  spot  will  appear,  so  that  the  picture  will  be  full  of  pinholes. 
Examined  with  a  glass,  these  usually  appear  like  small  craters  with  raised  walls. 
The}''  are  removed  almost  instantly  by  immersing  in  water  as  in  the  other  cases. 
If  the  surface  of  the  negative  has  been  injured  by  being  rubbed  or  slightly 
scratched,  the  abrasions  will  show  on  a  print.  The  **  water  cure,"  however,  will 
effectually  remove  these  from  the  negative  if  the  film  has  not  been  cut  too  heavil3^ 
The  remedy  in  all  the  above  cases  is  almost  sure  to  be  perfect;  if  not,  there*  will 
at  least  be  a  very  great  improvement  in  the  condition  of  the  negative.  In  very 
stubborn  cases  a  prolonged  soaking  helps.  I  make  mention  of  these  facts  because 
the  simple  remed}''  does  not  seem  to  be  generall}'  known  even  among  those  who 
have  had  great  experience  in  photographic  work. 

The  above  is  a  slightly  modified  extract  from  a  paper  by  the  writer  (Sugges- 
tions in  Respect  to  Photographing  Comets  with  Special  Reference  to  Halley's 
Comet)  in  Pop.  Astron,^  17,  608-9,  1909. 

PHOTOGRAPHS  OF  THE  EARTH-LIT  MOON,  ETC. 

Experiments  were  made  at  various  times  in  photographing  the  earth-lit  por- 
tion of  the  new  and  the  old  Moon.  It  was  found  that  an  exposure  of  about  30 
seconds,  with  the  quickest  plate,  was  necessary  to  show  this  phenomenon  well. 
With  the  small  lantern  lens,  however,  a  photograph  of  this  appearance  could  be 
secured  with  one  second's  exposure. 

Photographs  were  also  made  of  the  total  lunar  eclipses  of  1S95,  ^^arcli  10  and 
September  3,  for  two  purposes:  First,  to  see  how  well  the  lunar  surface  could  be 
shown  by  photograph}^,  with  such  a  lens,  in  a  total  eclipse,  at  which  time  the  Moon 
is  usually  of  a  strong  red  color;  second,  to  see  if  any  small  body  revolving  about 
the  Moon,  such  as  a  lunar  satellite  (which  would  usually  be  lost  in  the  glare  of  the 
Moon,  and  which  during  totalit}^  might  be  outside  the  shadow  and  hence  fully 
illuminated)  could  be  found. 

For  illustration  of  this  non-stellar  work,  I  have  selected  four  photographs 
of  the  Moon  made  with  the  Willard  lens  under  different  conditions  of  illumina-  • 
tion,  etc.  These  are  shown  in  Plate  i.  The  first  two  pictures  show  the  night 
surface  of  the  Moon  illuminated  by  sunlight  reflected  from  the  Earth.  The  first 
photograph  represents  the  new  Aloon  in  the  evening  sky  of  1S95,  Februar}-  26. 
The  second  is  the  old  Moon  in  the  morning  sk\'  of  1895,  August  17. 

This  phenomenon  of  the  bright  crescent  embracing  the  ashy-hued  globe  of 
the  Moon  is  sometimes  popularly  known  as  the  ''Old  Moon  in  the  young  Moon's 
arms,"  especially  when  seen  in  the  evening  sky. 
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One  of  the  lunar  photographs  which  was  made  in  1895,  August,  19^  o**  30" 
G.  M.  T.,  shows  the  crescent  as  a  mere  thread  of  light.  The  entire  dark  part  is 
also  shown,  but  faintly.  According  to  the  American  Ephemeris^  new  Moon  occurred 
at  that  time  on  August  20^  o^  55™*?  G.  M.  T.  The  photograph  was  therefore  made 
when  the  Moon  lacked  but  24**  26"  of  new.  The  thin  crescent  was  a  beautiful 
object  to  the  naked  eye.  In  recent  years  discussions  have  arisen  over  the  ques- 
tion as  to  how  near  the  time  of  new  Moon  the  crescent  can  be  seen.  The  photo- 
graph will,  at  least  in  part,  answer  this  question. 

The  photograph  of  the  total  lunar  eclipse  of  1895,  September  3,  shows  the 
Moon's  surface  illuminated  by  sunlight  refracted  by  the  Earth's  atmosphere. 

It  is  not  necessary  here  to  add  (and  want  of  space  prevents  it)  a  third  example 
of. illumination  of  the  Moon's  surface,  /.  ^.,  by  direct  sunlight;  the  three  kinds  of 
lunar  illumination  being 

First — Reflected  sunlight. 
Second — Refracted  sunlight. 
Third — Direct  sunlight. 

A  fourth  picture  of  the  earth-lit  Moon  (1895,  J^"^  25)  with  the  planet  Venus 
near  the  horn  of  the  lunar  crescent,  is  given  as  a  matter  of  interest,  but  is  with- 
out scieutific  value. 

THE  PHOTOGRAPHS  OF  THE  MILKY  WAY. 

It  has  been  thought  best  to  give  on  the  page  facing  the  picture,  where  the 
peculiarities  could  be  readily  pointed  out,  a  brief  description  of  the  principal 
features  of  each  photograph,  especially  in  the  case  of  the  Milky  Way.  In  general 
this  has  been  done,  but  certain  regions  are  worthy  of  a  more  detailed  account 
which,  for  brevity,  should  be  placed  in  the  main  text.  For  this  reason  a  descrip- 
tion of  the  singular  regions  of  Scorpio  and  Ophiuchus  is  printed  here. 

THE  GREAT  NEBULOUS  REGIONS  OF  SCORPIO  AND  OPHIUCHUS. 

The  main  features  of  the  wonderful  nebulous  regions  of  Scorpio  and  Ophiuchus 
were  discovered  by  the  writer  with  the  Willard  lens.  It  is  perfectly  proper, 
therefore,  that  an  account  of  his  further  investigations  of  the  same  regions  with  a 
more  powerful  photographic  telescope  should  be  incorporated  here,  especially  as 
the  regions  in  question  have  not  been  investigated  by  any  other  writer. 

Through  the  courtesy  and  deep  interest  of  Professor  George  E.  Hale,  Director 
of  the  Solar  Observatory  of  the  Carnegie  Institution,  the  lo-inch  Bruce  photo- 
graphic telescope  of  the  Yerkes  Observatory,  was  transported  in  1905  to  Mount 
Wilson  at  an  altitude  of  6,ocx>  feet,  where  the  writer  went  for  the  special  purpose 
of  further  investigating  these  and  other  regions  of  the  Milky  Way.  The  following 
information,  therefore,  is  that  gained*  from  the  present  photographs,  supplemented 

by  the  additional  information  from  those  taken  at  Mount  Wilson. 
8-1, 
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THE  NEBULA  OF  Y  SCORPII. 

^  I 

This  object,  remarkable  as  it  is  in  appearance,  is  of  far  greater  interest  in  the 
dirject  evidence.it  gives  of  the  obscuration  of  light  in  space.  This  obscuration  is 
manifest  at  a  number  of  points  in  connection  with  the  nebula;  it  runs  all  the  way 
from  a  slight  cutting  oflf  of  the  stars  behind  to  perhaps  a  total  extinction  of  their 
light. ,.  The  boundaries  of  the  nebula  may  roughly  be  taken  thus,  for  1855.0: 
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To  the  southeast  its  fainter  portions  involve  the  stars  BD  —  19°  4357, 
—  19°  4359  and  —  19°  4361.  The  last  two  are  in  a  dense  nebulous  mass  in  which, 
on  the  north  side,  are  a  thin  dark  lane  and  a  narrow  strip  of  brighter  nebulosity. 
The  two  stars  are  connected  with  —  19°  4357,  which  is  also  nebulous,  by  a  thin 
thread  of  nebulosity.  North  and  following  are  dark  regions  with  apparently  very 
few  stars.. 

The  evidence  for  this  obscuration  is  based  upon  the  following  considerations: 
The  sky  outside  of  the  nebulosity  gives  the  impression  of  a  uniform  distribution 
of  the  stars  over  this  part  of  the  heavens,  and  I  think  there  is  no  question  but  that 
this  i5  actually  the  case.  The  edges  of  the  western  end  of  the  nebula,  near  the 
stars  BD  —  17°  451 1,  —  17°  4502  and  —.18°  4240  are  definitely  defined.  It  will  be 
seen  that  within  the  limits  of  the  nebula  in  this  region  occurs  an  abrupt  thinning 
out  and  dimming  of  the  stars,  the  line  of  demarcation  being  the  outlines  of  the 
nebula.  In  the  northern  and  diflfused  side  of  the  nebulosity,  and  also  in  the 
eastern  portion  near  BD  —  19^  4359  and  19°  4361,  this  thinning  out  of  the  3tars  is 
remarkable. 

One  of  the  strongest  facts  in  this  argument  is,  that  at  a  point  40'  north  and 
west  of  BD  —  19°  4359,  or,  in  1855.0  u  \(^  lo"*,  (5  —  19^  15',  a  patch  of  the  partially 
hidden  background,  about  one  square  degree  in  area,  is  seen  through  an  opening 
in  the  nebulous  matter.  The  nebulosity  can  readily  be  traced  all  around  this  open- 
ing, perceptibly  dimming  the  light  of  the  stars  •wherever  it  falls,  but  the  small  space 
in  question  is  free  from  it.  In  reality,  these  stars  are  but  a  part  of  the  rather 
uniform  stellar  background  which  is  seen  through  a  hole  in  the  nebulosity  from 
1^  Scoppil,  that  partly  obscures  the  stars  in  this  region.  On  the  face  of  it,  this 
seems  a  strange  statement,  but  if  one  examines  the  evidence  it  will  be  seen  to  be 
true4  In  a  photograph  made  with  the  lo-inch  Bruce  telescope  of  the  Yerkes 
Observatory  which  appears  in  ih^  Astrophysical  Journal  (Vol.  31,  January,  1910, 
Plate  I),  this  spot  of  stars  is  1.4  inches  from  the  left  side  of  the  plate  and  2.3  inches 
from  the  bottom.     It  will  be  seen,  further,  in  that  photograph,  that  this  patch 
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spots.  The  northern  and  shorter  of  the  two  most  conspicuous  lanes  is  marked 
for  about  2  degrees  with  very  black,  irregular  and  sharply  defined  rifts  and  per- 
forationSy  which  unfortunately  are  lost  in  the  reproduction. 

One  would  hesitate  in  passing  on  the  character  of  these  dark  lanes.  Near 
the  great  nebula  there  is  every  evidence  that  they  are  mixed  up  with  the  nebu- 
losity and  I  think  obscuration  is  strongly  indicated.  The  larger  and  more 
extended  of  the  lanes  is  so  blank  and  so  definite  on  its  edges  that  one  would 
almost  believe  that  a  long  strip  of  obscuring  matter  lies  between  us  and  the  stars 
here.  If  we  accept  this  as  obscuration  due  to  some  peculiar  condition  of  a  band  of 
dim  nebulosity,  such  an  object  would  be  unique  among  the  brighter  nebulosities. 
At  the  same  time  these  dark  lanes  are  not  infrequently  connected  with  a  brighter 
nebulosity,  as  in  the  present  case.  We  have  excellent  examples  of  this  in  the 
wonderful  region  in  Taurus  near  the  feeble  nebulosity  in  a  4**  10"  6  +  27°  55'  (see 
"On  a  Nebulous  Groundwork  in  the  Constellation  Taurus,"  Ap.  J.  25,  218,  1907), 
and  in  the  case  of  the  nebula  Dreyer  Second  Index  Catalogue  5146  (see  Plate  81) 
which  is  placed  at  the  east  end  of  a  dark  lane  over  i  degree  long.  At  the  same 
time  we  must  admit  the  presence  of  feeble  extensions  of  nebulosity  near  bright 
nebulae  that  apparently  do  not  cut  oflF  the  light  of  the  stars.  A  good  example  of 
this  is  the  extended  nebulosities  about  the  Pleiades,  which,  from  their  connection 
with  the  cluster,  are  evidently  on  this  side  of  the  small  stars.  Though  these 
nebulosities  are  feebly  shown  in  streaks  and  masses  over  a  region  perhaps  10 
degrees  square,  the  background  of  small  stars  is  uniform,  and  if  these  small  stars 
are  beyond  the  nebulosities  they  shine  through  with  undimmed  light.  Other 
similar  cases  might  be  cited,  such  as  the  extension  of  faint  nebulosities  eastward 
from  M8  and  the  great  curved  nebula  in  Orion,  etc.  It  would  appear,  therefore, 
that  some  nebulae  and  nebulosities  do  not  produce  this  obscuring  effect,  while  it 
is  very  marked  in  others.  The  Orion  nebula  is  a  good  example  of  the  absence 
of  the  general  background  of  faint  stars  close  to  a  nebula.  There  is  a  scatter- 
ing of  small  bright  stars  about  the  nebula  itself,  but  it  is  noticeable  that  the 
fainter  ones  are  missing  close  to  it.  Another  striking  case  of  obscuration  is  the 
region  immediately  about  M  78  =  Dreyer  2068  (also  in  Orion)  where  the  brighter 
part  of  the  nebula  is  apparently  surrounded  for  some  distance  by  an  obscuring 
medium  which  cuts  out  the  light  of  the  stars  near  it. 

Two  bright  nebulae,  one  below  and  the  other  above  22  OphiuchI,  make  with  that 
star  an  "eye,"  which  is  very  striking  in  appearance. 

Perhaps  it  will  be  well  to  state  here  that  the  remarkable  nature  of  the  region 
about  p  OphiuchI  was  first  shown  in  my  early  photographs  with  the  Willard  lens. 
But  the  presence  of  nebulosity  here  had  been  found  by  me  earlier,  in  my  comet 
sweeping  at  Nashville,  Tennessee,  and  it  was  this  knowledge,  and  the  desire  to 
investigate  the  supposed  nebulosity,  that  led  me  to  make  the  photographs  with 
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the  Willard  lens  which  resulted  in  the  discovery  of  one  of  the  most  remarkable 
nebulous  regions  in  the  entire  heavens. 

While  on  the  subject  of  this  probable  obscuration  of  the  stars,  it  may  be  well 
to  mention  some  recent  visual  observations  which  would  seem  to  confirm  the  idea 
that  the  light  of  the  stars  may  be  interrupted  by  interposing  nebulous  or  other 
matter  in  space. 

In  the  Astrophysical  Journal  for  December,  1913,  the  present  writer  has  shown 
by  visual  observations  with  the  4C>-inch  refractor  of  the  Yerkes  Observatory  of  the 
small  black  spot  in  a  dense  star  cloud  in  the  Milky  Way  (Plates  54-55),  and  of  the 
black  "notch"  in  the  nebulous  stream  running  south  from  <?  Orionis  (Plate  20)  that 
they  are  not  true  vacant  sky,  but  apparently  consist  of  dense,  feebly  luminous 
matter  which  is  more  or  less  opaque.  In  the  article  referred  to,  the  following 
statements  are  made  with  respect  to  these  two  bodies: 

The  Small  Black  Spot  in  [1855,0]  a  W  V  6—18^  15' :  On  the  night  of 
July  27  of  the  present  year  [191 3],  the  conditions  were  very  favorable,  both  for  trans- 
parency and  for  steadiness.  Under  these  conditions  the  ''hole''  or  spot  was  examined 
very  carefully  with  the  40-inch  telescope.  With  the  following  edge  of  the  spot 
cutting  across  the  middle  of  the  field,  which  is  some  three  times  smaller  than  the 
spot,  it  was  quite  distinctly  seen  that  the  preceding  half  of  the  field,  in  which  there 
were  no  stars,  was  very  feebly  luminous,  while  the  following  side  showed  a  rich,  dark 
sky  with  the  few  small  stars  on  it.  From  the  view,  one  would  not  question  for  a 
moment  that  a  real  object— dusky  looking,  but  very  feebly  brighter  than  the  sky — 
occupies  the  place  of  the  spot«  It  would  appear,  therefore,  that  the  object  may  not 
be  a  vacancy  among  the  stars,  but  a  more  or  less  opaque  body. 

The  Smally  Black  Notch  in  the  Nebulosity  Sotith  of  Z  Orionis,  [1855.0]  a  5*  33^£ 
6  — ^  S5' :  On  the  night  of  November  4  [1913],  with  good  conditions  of  seeing 
and  fair  transparency,  I  examined  this  object  with  the  40-inch  telescope  and  a  power 
of  460.  The  position  was  carefully  located  with  the  aid  of  the  photograph.  The  out- 
lines of  the  spot — so  sharp  and  clear  in  photographs  of  this  region — could  not  be 
made  out  with  any  definiteness.  The  view  showed  that  the  spot  is  certainly  not  clear 
sky,  for  the  field  was  dull,  apparently  indicating  the  presence  of  some  material  sub- 
stance at  this  point.  To  me  the  observation  would  confirm  the  supposition  of  an 
obscuring  medium. 
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THE  PHOTOGRAPHS  OF  COMETS. 

The  great  comet  of  1882  was  successfully  photographed  at  the  Cape  of  Good 
Hope  by  Dr.  Gill,  with  the  aid  of  a  local  photographer  and  his  portrait  lens. 
Several  naked  eye  comets  appeared  later',  but  nothing  of  consequence  seems  to 
have  been  done  in  the  eflfort  to  photograph  them  with  portrait  lenses  until  the 
appearance  of  Swift's  comet  of  1892.  This  object,  from  its  brightness,  promised 
much  for  photography.  The  photographs  obtained  of  it  with  portrait  lenses 
showed  their  very  great  value  for  such  investigations  and  fixed  the  position  of 
this  form  of  instrument  as  one  of  the  most  important  in  any  observatory. 


COMET  I  1892  (SWIFT). 

VISUAL  OBSERVATIONS. 

This  comet  was  discovered  by  Dr.  Lewis  Swift  at  Rochester,  New  York,  1892, 
March  6.  Perihelion  occurred  April  6.  (Berberich  A.  N.  180,  215,  1892.)  It 
was  a  large  comet  visible  to  the  naked  eye  at  the  time  of  discovery  and  subse- 
quently. Its  greatest  theoretical  brilliancy  occurred  in  the  first  half  of  April. 
During  the  period  covered  by  the  photographs,  it  was  receding  from  the  Earth 
and  diminishing  in  brightness.     Following  are  notes  on  its  visual  appearance: 

1892,  March  'j^  16^''.*  Easily  visible  to  the  naked  eye;  as  noticeable  as  a 
sixth  magnitude  star.  The  finder  of  the  12-inch  telescope  showed  a  tail  about  15 
minutes  long.  In  the  12-inch,  the  comet  was  large  and  round  and  7  or  8  minutes 
in  diameter,  with  an  almost  stellar  nucleus,  of  the  eleventh  magnitude,  in  the 
middle  of  the  nebulosity.  Though  no  tail  was  seen,  its  presence  was  indicated  by 
the  haziness  of  the  sky  near  the  head. 

March  8**  17^.  With  the  eye  the  comet  was  at  least  fifth  magnitude.  It  was 
a  little  brighter  than  Davidson's  comet  of  1889. 

March  9*^  17*".  Moonlight.  The  comet  was  very  noticeable  to  the  naked  eye. 
The  head  was  somewhat  brighter  than  M8.  It  was  like  a  hazy  star  and  about  as 
large  as  the  Orion  nebula  appears  to  the  naked  eye,  but  brighter,  and  could  not 
have  been  missed  in  a  casual  glance  at  the  sky  even  in  moonlight.  The  nucleus 
was  not  stellar  in  the  12-inch. 

March  15"^  17**.  It  was  quite  visible  to  the  naked  eye,  like  a  star  of  the  fifth 
magnitude.  Nearly  full  moon.  In  the  12-inch  the  nucleus  was  eleventh  magni- 
tude, but  no  tail  could  be  seen. 

March  21*^  17^.  Through  breaks  in  clouds.  To  the  naked  eye  it  was  a  large, 
hazy  spot  of  the  third  or  fourth  magnitude. 

*The  time  given  in  all  of  these  observations  is  Pacific  Standard  Time,  which  is  8''  o™  slow  of  Greenwich 
Mean  Time. 
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April  3?  i6^  20"*.  The  comet  \iras  bright  to  the  naked  eye  with  a  faint, 
slender  tail  which  reached  faintly  to  the  star  BD  —  8°  5150  (5"*.8)  but  not  beyond 
it,  a  length  of  about  18°.  This  star  was  touching  the  south  edge  of  the  tail,' 
whichklsd  passed  dose  to  the  north'  of  BD  —  5°  5378  (4°*.2)— just  free.of  the  star. 
.-!  April  4^  I6^  Sky  very  thick.  The  head  was  slightly  inferior  to  a  third 
magjnitude  stan  The. tail  wJas  about  as.  long  as  on  the  3d. 
v:  /April  5.!   In  clouds;  .  ' 

> . ::  .April  6*^ -i6^*.  The  comet  was  conspicuous  to  the  naked  eye.  The  tail  was 
visible.for  about  25  degrees  arid  not  quite  i  degree  wide.  The  star  BD  —  3°  4961 
(5?.4^::was:iu^the  north  edge  of  the  tail,  while  BD  — 3^4906  (6^4)  and  BD 
—  3°  4918  (s^'-s)  were  in  the  axis  of  the  tail.  The  nucleus  was  suspected:  to  be 
double  with  the  12-inch  [perhaps  this  had  something  to  do  with  the  mass  shown 
in  the  tail  on: the  7th]*     :        „        .      .  '     .' ' 

.  ;  April  7^  j6^  15?°;  The  star  BD —3°  4961  was  in  the  axis  of  the  tail  (which 
extended. several; degrees  beyond  the  star).  The  head  was 'equal  in  brightness  to 
BD^io^:55o6-(4°l.2)i 

April  iB.     Firstclear.night  for  a  long  time. 

April  22^  ^5%^'  To  the  naked  eye  the  comet  was  as  briglit  as  BD  +  9^  4732 
of  the  4.6  magnitude,  with  a  tail  8  degrees  long.  A  starlike  nucleus  was  visible  in 
the '6-inch  guiding  telescope.  The  driving  clock  refused  to  work  and  the  guiding 
throughout  on  this  date. was  done  by  hand.      . 

.;  April:24^  15^  'So"".  The  tail  passed  over  BD  +  14°  4668  (6".5)  and  extended 
S^.lieyonA'M  15.     To  the  eye  the  nucleus  was  brighter  than  BD  +  11°  4784  (5°*.5). 

April  26.  Sky  veiled  with:  haze.  To  the  naked  eye  the  comet's  liead  was 
brighter  than  BD  +  11°  4784. 

May  22^  14**.  No  tail  was  visible  to  the  naked"  eye,  but  the  head  was  of  the 
fifth  magriitudeli  . 

•    May  23.     Head  alone  visible  to  the  naked  eye,  like  a  star  of  five  and  one  half 
magnitude.    '....-?. 

May  29^  ^A%^'     The  comet  was  still  faintly  seen  with  the  naked  eye. 

Ma3^  30**  14^     About  sixth  magnitude,  but  with  no  tail. 
» . .  .-".-•..-  ...  .  " . 

DESCRIPTION  OF  THE  PHOTOGRAPHS. 

1892,  April  4.  The  tail  consists  of  three  widely  diverging  streams  of  matter. 
The  two  outer  ones  do  not  meet' in  the  center  of  the  head  when  prolonged,  but 
seem  to  proceed  more  from  the  sides  as  if  they  were  briauches  of  a  parabola  that 
curved  around  the  central  brightness  of  the  head.  The  main  central  streamer  is- 
double  and  fragmentary,  part  of  the  way..  The  north  side  of  it  is  concave  and  at 
a  distance  of  2^.5  from  the  head  suddenly  becomes  straight  and  nearly  parallel 
with  the  south  ^ide  of  the  streamer.  There  are  a  number  of  faint  diverging 
streamers  on  both  sides  of  the  head — mainly  on  the  north. 
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April  5.  The  tail  gradually  widens,  the  edges  being  stronger.  Near  the 
head  the  south  portion  is  separated  from  the  main  tail  and  is  connected  with  the 
head  by  a  narrow,  faint  streamer. 

April  6.  The  tail  consists  of  two  broad  branches,  the  north  one  of  which  is 
the  broadest  and  heaviest.  This  north  branch  has  an  abrupt  bend  in  it  toward  the 
south  at  39  minutes  from  the  head.  At  this  point  there  are  a  number  of  con- 
densations. At  2°.8  from  the  head,  the  south  edge  of  the  north  branch  is  strongly 
curved  toward  the  south.  Between  the  condensations  and  the  head,  the  tail  seems 
to  be  made  up  of  a  great  number  of  separate  strands  more  or  less  diffused,  many 
of  which  do  not  seem  to  originate  in  the  center  of  the  head.  The  south  branch 
is  rather  faint  and  broad. 

April  7.  The  tail  is  separated  into  four  or  five  slender  diverging  threads  near 
the  head,  three  of  which  are  strongly  marked.  The  two  north  ones  are  very  long 
and  slender  and  the  south  one — apparently  the  main  one — is  more  or  less  convex 
to  the  north  near  the  head,  and  at  a  distance  of  1^9  widens  out  into  a  great  mass 
from  which,  apparently,  a  new  system  of  streamers  originates.  The  nucleus  is 
visible  in  the  center  of  the  head  and  the  two  outer  streamers  would  form  a  para- 
bolic curve  around  it, 

April  18,  The  head  is  small.  The  tail  is  formed  of  a  bundle  of  widely 
diverging,  slender  streamers,  some  of  which  are  bent  and  curved  near  the  head. 

April  22.  The  tail  consists  of  three  main  broad  diverging  streamers,  with 
several  short  and  diffused  ones  from  the  sides  of  the  head,  which  itself  is  small. 
It  very  much  resembles  the  photograph  of  April  4,  The  north  side  of  the  middle 
streamer  is  concave  and  well  defined  and  makes  a  rather  abrupt  change  of  direc- 
tion. Farther  out,  at  a  distance  of  i°.9  from  the  head,  this  separates  into  several 
streamers.     At  5°.6  from  the  head  is  a  long,  diffused  condensation. 

April  24.  The  head  is  small  and  the  tail  consists  of  a  number  of  diffused, 
broadening  streamers,  the  central  one  of  which  is  very  strongly  defined  and 
irregular.  About  1^.9  from  the  head  a  large  portion  is  missing  from  the  north  side 
of  the  tail. 

April  26.  A  large  defect  occurred  in  development  which  covers  a  portion  of 
the  tail.  Through  this  defect  the  tail  can  be  freely  traced.  The  head  is  small. 
The  tail,  near  the  head,  is  made  up  of  a  bundle  of  six  or  eight  diverging  streamers, 
but  the  main  tail  consists  of  three  strong  streams  the  central  one  of  which  is 
double,  two  narrow  strong  streamers  forming  a  border  to  it. 

May  22.  The  tail  consists  of  a  slender,  long  streamer  with  some  slight  curva- 
ture on  the  north  side  at  28  minutes  from  the  head.  Farther  out,  it  separates  into 
several  feeble  strands,  while  near  the  bead,  especially  on  the  north  side,  are  a 
number  of  very  thin,  faint,  short  streamers. 

May  23.  The  tail  consists  of  one  rather  long,  straight  streamer.  On  each 
side  of  this  is  a  widely  diverging  streamer  giving  the  impression  that  if  a  longer 
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exposure  could  have  been  made  the  tail  would  have  consisted  of  three  diverging 
main  branches,  very  much  like  those  of  April  4. 

May  30.  The  tail  is  short  and  apparently  consists  of  a  longer  streamer  on 
the  south  side  and  a  short  one  on  the  north  at  a  considerably  diflferent  angle,  the 
one  on  the  south  being  more  or  less  disconnected  from  the  head. 


POSITION  ANGLES  AND  LENGTH  OF  THE  TAIL. 


The  following  position  angles  of  the  main  axis  of  the  tail  were  taken  oflf  from 
the  BD  charts  with  the  aid  of  a  large  protractor: 


Position  Angle. 

length  of  Tail. 

1892  April    4    .     . 

261* 

7' 

to  edge  of  plate 

5    .     • 

257 

7 

to  edge  of  plate 

6    .     . 

257 

7 

to  edge  of  plate 

7    .     . 

257 

7 

18    .     . 

260 

8 

22    .     . 

263 

II 

24    .     . 

261 

6 

26    .     .    . 

262 

5 

May  22    .     .     . 

262 

6)^ 

23    .     . 

263 

10 

30    .     .     . 

255 
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DISCOVERY  OF  COMET  V  1892. 

On  the  night  of  1892,  October  12,  in  my  regular  work  of  photographing  the 
Milky  Way,  I  gave  an  exposure  of  4**  20"  with  the  Willard  lens  on  a  region  a  few 
degrees  west  of  Altair  (Plates  71  and  loi).  When  the  plate  was  developed  and 
examined,  a  short  hazy  streak  was  found  on  it  in  the  position  (1855.0)  19^  30"*, 
+  12°  50'.  A  comparison  with  another  plate,  which  I  had  taken  of  the  same 
region  on  September  26  of  that  year,  and  on  which  the  object  did  not  appear, 
showed  that  it  was  probably  a  new  comet.  On  the  night  of  October  13,  this  object 
was  located  with  the  12-inch  telescope  and  found  to  be  a  faint  comet  moving 
toward  the  southeast.  With  the  12-inch  it  was  faint  and  round  with  a  slight 
central  brightening,  but  with  no  nucleus.  The  comet  was  estimated  to  be  twelve 
and  one  half  or  thirteenth  magnitude.  (See  A.  J.  12,  102,  277,  1892-3.)  The 
trail,  9  or  10  minutes  long  and  very  diflFused,  is  a  little  brighter  along  the  axis.  It 
is  a  conspicuous  object  near  the  middle  of  the  plate. 

This  comet  has  been  shown  by  M.  J.  Coniel  {Bull.  Astron.  12,  245,  1895)  to 
have  a  period  of  about  six  and  one  half  years.  It  was  due  to  return  in  1899  and 
1905-6  and  also  in  191 1,  but  it  has  not  been  seen  since  1892. 

Perhaps  it  may  be  well  to  state  here  that  this  was  the  first  comet  discovered 

by  the  aid  of  photography. 
4-1, 
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COMET  III  1892  (HOLMES). 

This  comet  was  discovered  by  Mr.  Edwin  Holmes  in  London  on  November  6, 
1892.     According  to  Prof.  Lewis  Boss,  perihelion  occurred  1892,  June  ^3. 

From  several  points  of  view,  it  was  one  of  the  most  remarkable  comets  that 
has  been  observed.  At  the  time  of  discovery  it  was  distinctly  visible  to  the  naked 
eye  as  a  star  of  the  sixth  magnitude  or  brighter,  which,  in  the  telescope,  resem- 
bled a  sharply  defined  planetary  nebula.  There  is  every  evidence  that,  from  a 
rather  faint  object,  the  comet  must  have  rapidly  attained  to  naked  eye  visibility 
by  a  sudden  outburst  of  light  somewhat  similar  to  that  of  the  Novae.  On  Jan- 
uary 16,  1893,  after  having  gradually  faded  away  for  a  couple  of  months,  until  it 
was  excessively  faint  and  diffused  in  the  telescope,  it  once  more  suddenly  became 
a  bright  star-like  object — as  bright  as  the  seventh  or  eighth  magnitude.  Then, 
through  a  process  of  diffusion  and  fading  exactly  similar  to  that  which  took  place 
immediately  following  its  discovery,  the  comet  again  became  faint,  and  finally 
faded  from  view. 

Though  this  object  has  been  observed  at  several  returns  since  1892,  it  has 
presented  no  peculiarities  different  from  that  of  the  ordinary  faint  telescopic  comet, 
as  will  be  seen  from  the  following  brief  history: 

The  comet  was  discovered  at  its  first  predicted  return  by  Perrine  at  the  Lick 
Observatory  on  1899,  June  10.  It  was  observed  by  Ait  ken  with  the  36-inch  in 
August  and  September  {A.  N,  161,  29,  1900).  He  described  it  as  being  very  faint — 
not  as  bright  as  the  fourteenth  magnitude  star.  At  this  return,  it  was  also 
observed  by  the  writer  at  the  Yerkes  Observatory  on  eight  dates  from  August  15 
to  November  7,  and  was  described  as  ranging  from  thirteen  and  one  half  to  six- 
teenth magnitude,  with  a  very  faint  nucleus  part  of  the  time,  and  feebly  brighter 
in  the  middle.  At  this  time  there  was  nothing  to  distinguish  it  from  the  ordinary 
faint  telescopic  comet.  During  this  apparition  (1899)  ^^  seems  to  have  been 
observed  only  at  the  Lick  and  Yerkes  observatories. 

At  the  return  of  1906  the  comet  must  have  been  very  faint.  No  visual 
observations  seem  to  have  been  made.  A  number  of  photographs  were  secured 
of  it,  however,  by  Dr.  Max  Wolf  at  Heidelberg,  so  that  the  return  was  fully 
verified.     [A.  N.  172,  178,  passim^  1906,  1907.) 

From  the  faintness  at  the  returns  of  1899  and  1906,  one  would  rather  infer 
that  previous  to  1892  it  had  been  an  ordinary  periodic  comet,  whose  faintness  had 
prevented  its  earlier  discovery,  and  that  the  outbursts  of  light  and  attendant  phe- 
nomena of  1892  were  caused  by  some  accident  which  happened  to  it  at  that  time — 
due,  possibly,  to  the  peculiarity  of  its  orbit  and  its  relation  to  the  asteroid  zone. 

So  great  is  the  interest  attached  to  the  extraordinary  phenomena  presented 
by  the  comet  in  1892  and  the  possible  connection  they  may  have  with  the  life 
history  of  these  bodies,  that  it  would  seem  that  as  full  an  account  as  possible  of 
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November  12**  9"*.  The  comet  was  certainly  a  little  less  bright  to  the  naked 
eye,  and  was  about  the  mean  brightness  of  32  and  v  AndromedSB,  or  5.1  magnitude. 
It  was  more  hazy  to  the  naked  eye  than  on  the  few  previous  nights. 

November  13**  9**  o"*.  The  comet  was  certainly  fading.  It  was  about  three- 
tenths  or  four-tenths  thej  brightness  from  32  to  k,  or  5.2  magnitude.  At  ii*"  45" 
with  the  12-inch  telescope,  it  was  considerably  larger  and  less  bright  and  not  quite 
so  definite.     The  measured  diameter  was  582  seconds. 

November  14^  7*  40".  In  the  12-inch,  it  was  larger  and  fainter  and  more 
diflfused.  The  measured  diameter  was  546  seconds.  At  9**,  the  comet  was  fainter 
to  the  naked  eye.     It  was  but  little  brighter  than  the  star  32  Andromeda. 

November  16.  In  the  12-inch,  the  comet  was  not  dense — a  remarkable  change 
from  its  previous  well  defined  appearance.  It  was  much  larger,  some  10  minutes 
in  diameter,  and  fainter — through  diflfusion,  apparently — and  the  edges  were  not 
so  well  defined.  There  was  nothing  about  it  diflferent  from  other  comets,  except 
its  size.  The  north  preceding  edge  was  best  defined  while  the  south  following 
was  diflfused.  Preceding  the  center  was  an  ill  defined  nucleus  from  which  a 
diflfused  brightening  extended  south  following.  At  7**  20",  to  the  naked  eye,  it 
was  a  little  less  bright  than  the  mean  between  32  and  v  AndromedSB  and  was  star- 
like. It  was  considerably  brighter  than  BD-j-36°  148  (6".5),  about  1°  dz  south- 
east of  it. 

November  21.  The  comet  was  15  minutes  in  diameter,  very  diflfused  south 
following,  with  a  feeble  brightening  near  the  middle.  The  north  preceding  edge, 
though  not  diflfuse4,  was  very  dim  and  hazy.  It  was  very  much  fainter  than 
32  Andromeda  and  was  just  fairly  visible  to  the  naked  eye. 

December  5.  /The  comet  was  extremely  diflfused,  especially  south  following, 
but  was  very  easy  fwith  the  12-inch.  It  was  about  twelve  and  one  half  magnitude. 
The  more  diflfused  part  was  20  minutes  in  diameter.     By  sweeping  rapidly,  the 

*  • 

comet  seemed  td  diflfuse  over  a  very  large  area— greater  than  the  field  of  42 
minutes.  A  faint  condensation  was  visible  in  the  preceding  part  with  a  feeble 
brightening  south  following.  The  preceding  edge  was  a  little  more  definite  than 
the  rest,  but  it  was  all  very  vague.  In  the  finder  it  was  very  large,  diflfused  and 
dim. 

December  7.  The  comet  was  brightest  and  least  diflfused  when  seen  in  the 
comet-seeker. 

1893,  Ja^^^^'y  4-  I^  the  12-inch  telescope  it  was  excessively  faint  and  very 
large — indefinitely  large.  With  150  diameters  there  was  only  the  feeblest  trace 
of  it. 

January  6*^  16^  30"*.     In  the  12-inch  the  comet  was  very  faint. 

January  16.  On  this  date,  the  sky  cleared  after  dark,  which  was  the  end  of  a 
cloudy  spell  of  several  days  duration.  Between  6^  and  7^  I  set  for  Holmes's 
comet  with  the  12-inch  telescope,  with  little  expectation  of  seeing  it  again  on 
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account  of  its  faintness.  A  small,  bright  hazy  star  presented  itself  in  the  field. 
When  examined  with  a  magnifying  power  of  150,  the  object  appeared  small, 
bright  and  strongly  condensed.  Thinking  this  could  not  be  the  comet,  a  second 
setting  was  made  with  the  same  result.  Still  uncertain,  a  series  of  measures  was 
made  to  see  if  the  object  was  in  motion.  The  results  finally  showed  that  it  was 
really  the  comet.  In  the  finder  it  looked  like  an  eighth  magnitude  star.  As  soon 
as  the  measures  proved  that  it  was  Holmes's  comet  a  telegram  was  prepared 
announcing  the  remarkable  change  that  had  taken  place  in  it.  Either  just  before 
the  message  was  sent  by  Professor  Holden  or  just  afterwards,  a  telegram  from 
Palisa,  at  Vienna,  came  announcing  the  change.  At  9*"  55"  in  the  12-inch  the 
nucleus  was  tenth  magnitude  and  star-like,  but  it  had  only  been  showing  for  a  few 
minutes.  The  comet  was  certainly  brightening.  By  comparison  with  the  stars 
BD  +  33°232  (7™.8)  and  +33^236  (S'^.a)  in  the  finder  of  the  12-inch  telescope,  it 
was  7.9  magnitude,  and  appeared  like  a  small,  bright  star — wholly  undistinguish- 
able  from  a  star.  At  10**  10™  it  was  certainly  increasing  in  brightness.  The 
nucleus  could  then  be  easily  made  out  and  was  distinct,  though  at  first  it  was  only 
suggested.  "With  150  it  looks  exactly  like  Nova  Auriga  with  700  on  the  36-inch." 
At  10**  20™  there  was  no  question  but  that  the  nucleus  was  brightening;  it  had 
become  very  easy  and  seemed  to  have  formed  during  the  observations. 

With  the  36-inch  telescope  the  appearance  of  the  comet  was  the  same  as  that 
on  November  8  with  the  12-inch.  Its  outline  was  quite  definite  and  the  nucleus 
was  pretty  bright,  central,  hazy  and  yellow,  while  the  nebulosity  was  bluish.  At 
lo**  55™,  with  360  diameters,  there  was  a  feeble  glow  surrounding  the  comet 
about  I  minute  in  diameter.  At  11^  o™  with  the  12-inch  telescope  it  was  cer- 
tainly brighter  and  the  nucleus  better  s^en.  In  the  finder  it  was  fully  equal  to 
BD  +  33°246(8'».i). 

The  following  measures  of  the  diameter  were  made  on  this  date: 


h 

8 

15 

29.4 

(i)  with  12-inch  telescope 

9 

50 

32.4 

(2)  with  12-inch  telescope 

10 

30 

44.0 

(3)  with  36-inch  telescope 

10 

43 

47.2 

(3)  with  36-inch  telescope 

II 

14 

46.7 

(2)  with  36-inch  telescope 

January  17.  At  6^*  20'™,  with  the  12-inch  telescope,  the  comet  had  a  beautiful 
star-like  nucleus,  which  was  surrounded  by  a  disk  of  fainter  nebulosity.  At  7^*  9" 
the  nebulosity  was  46".o  in  diameter.  The  north  edge  of  the  comet  was  too 
indefinite  to  permit  more  than  a  rough  guess  at  the  setting  for  the  diameter.  At 
8**  o™  the  nucleus  was  the  most  conspicuous  object.  It  was  yellowish  and  just  as 
bright  as,  but  more  conspicuous  than,  the  star  BD  +  33°  247  of  the  9.4  magnitude. 
The  nucleus,  which  at  the  first  observation  on  January  16  was  scarcely  visible, 
was  now  strikingly  conspicuous.     In  the   finder  the  comet  was  almost  stellar, 
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though  a  little  hazy — like  a  small,  hazy  star,  and  was  of  the  same  brightness  as 
BD  +  33°  232  of  the  7.8  magnitude.  At  8**  45°*  the  nucleus  was  probably  some- 
what brighter.  At  9**  20™  and  10**  35™  there  was  no  change  in  the  appearance  of 
the  comet  or  nucleus. 

January  18.  At  6**  55™  the  diameter  was  roughly  90  seconds.  In  the  finder 
it  was  of  perceptible  size,  and  hazy,  compared  with  the  comparison  star.  With 
the  12-inch  there  were  only  the  feeblest  traces  of  a  nucleus.  The  comet  was 
pretty  strongly  condensed  and  perhaps  not  any  brighter  than  on  the  17th.  At 
^h  ^^m  ^^^  nucleus  was  very  hard  to  see,  not  brighter  than  the  thirteenth  magni- 
tude, and  placed,  possibly,  a  little  preceding  the  center.  The  comet  was  round 
and  much  brighter  in  the  middle,  but  ill  defined  at  the  edges.  At  9**  45™  the 
nucleus  was  very  difficult  and  faint,  about  thirteenth  magnitude.  It  was  almost 
lost  in  the  small  brightening  that  surrounded  it.  The  comet  itself  was  very 
noticeable  and  hazy  in  the  finder. 

January  19.  At  6^  50"*  a  rough  measure  made  the  diameter  of  the  comet 
north  and  south  121  seconds.  There  was  no  limit  to  the  edges  of  the  nebulosity. 
The  nucleus  was  bright.  At  9^  50"^  the  nucleus  was  twelfth  magnitude,  but  was 
not  distinct. 

January  20.  At  6^  45"^,  with  the  36-inch  telescope,  the  measured  diameter  was 
136  seconds.  It  was  much  brighter  in  the  middle,  and  the  edges  were  not  definite. 
It  looked  like  a  great  nebulous  sphere  with  a  conspicuous  nucleus  of  the  tenth 
magnitude  in  its  center. 

January  22"*  7**  30"".  With  the  36-inch  the  comet  was  very  difi'used  and  about 
3  or  3/^  minutes  in  diameter.  The  nucleus,  which  was  hazy  and  indistinct  and 
of  the  twelfth  magnitude,  was  difficult  ffom  the  dense  glow  about  it. 

January  23^  8**  o™.  In  the  12-inch  the  comet  was  about  as  before,  except  that 
the  nucleus  was  very  indistinct  and  hard  to  see. 

January  24.  Moonlit  sky.  In  the  12-inch  the  comet  was  brightish  and 
cometary  looking — quite  large  and  conspicuous  as  a  considerable  nebula.  It  was 
whitish  and  dense  and  somewhat  brighter  in  the  middle. 


DESCRIPTION  OF  THE  PHOTOGRAPHS. 

1892,  November  10.  The  comet  consists  of  a  sharply  defined,  dense,  circular 
disc  8  minutes  in  diameter,  somewhat  diffused  on  the  north  following  edge.  This 
is  surrounded  by  a  fainter,  diffused,  circular  nebulosity  19  minutes  in  diameter. 
Straggling  from  this  towards  the  southeast  is  a  faint  nebulous  strip  which  widens 
out  into  an  irregular  mass  whose  center  is  48  minutes  from  the  center  of  the  comet 
and  which  is  39  minutes  in  diameter. 

November  16.  The  comet  is  a  rather  sharply  defined,  dense,  circular  disc  16 
minutes  in  diameter,  the  south  following  edge  of  which  is  more  or  less  diffused. 
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and  was  undoubtedly  due  to  the  disturbed  condition  of  the  tail  on  that  date.  The 
comet  had  been  carefully  looked  for  with  the  naked  eye  under  the  best  conditions 
previous  to  this,  but  the  records  do  not  show  that  it  was  so  visible  on  any  other 
date. 
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Diagram  showing  the  relative  positions  of  the  tail  of  Brooks's  comet  and  the  radius  vector  on  1893,  November  2  and  3. 

Brooks's  comet  should  hold  an  important  position  in  cometary  photography 
for  it  was  the  first  to  show  the  abnormal  phenomena  which  have  so  complicated  the 
problems  presented  by  these  strange  bodies  and  which,  in  later  years,  have  added 
so  marked  an  interest  to  their  study.  Another  fact  also  brought  out  first  by  this 
comet  was  the  remarkable  photographic  activity  of  its  light.  Though  only  feebly 
visible  to  the  naked  eye  for  one  day,  and  never  specially  bright  as  a  telescopic 
object,  the  fainter  features  of  its  tail  were  well  shown  with  relatively  very  short 
exposures — relatively  short  in  comparison  with  the  time  required  by  some  of  the 
comets  of  later  years  which  have  been  far  brighter  visually  than  this  one. 
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Some  of  the  phenomena  shown  in  the  photographs  of  it  were  unique  at  the 
time  and  they  mark  an  important  epoch  in  the  study  of  comets.  There  were 
several  periods  of  great  disturbance  in  the  tail,  the  one  that  covered  the  dates 
October  21,  22  and  23  being  the  most  extraordinary.  Though  not  so  striking,  the 
deflections  of  the  tail  on  November  3  and  November  7  are  fully  as  important, 
because,  probably,  the  same  cause  was  responsible  for  all  these  peculiarities. 
This  comet  was  the  first  to  show  these  extraordinary  "freak"  changes,  which  one 
would  call  abnormal.  It  would  seem  that  these  two  features — abnormal  phe- 
nomena and  quick  photographic  action — are,  for  some  reason,  closely  related. 
The  comets  (whether  bright  or  faint)  that  show  the  most  remarkable  and  abnormal 
features  seem  to  be  the  quickest  in  photographic  action.  Under  the  word 
"abnormal''  I  would  not  include  such  a  phenomenon  as  the  great  mass  shown  to 
be  receding  from  the  head  of  Swift's  comet  on  1892,  April  7,  because  this  could 
be  easily  explained  on  the  assumption  that  it  was  a  mass  of  matter  expelled  from 
the  head  which  was  moving  outwards  in  the  direction  of  the  tail.  As  "abnormal" 
features,  I  would  include  a  shattering  of  the  tail  such  as  occurred  in  the  case  of 
Brooks's  comet  on  October  23,  etc.,  which  had  the  appearance  of  being  due  to  some 
external  force;  also,  I  would  include  double  curvature  of  the  streamers  or  parts  of 
the  tail,  and  sudden  changes  in  the  direction  of  the  tail  not  accounted  for  by  the 
niotion  of  the  comet  such  as  occurred  in  Brooks's  comet  on  November  2-3  and  6-7. 

VISUAL  OBSERVATIONS. 

There  are  but  few  visual  notes  on  this  comet  and  those,  with  the  exception 
of  October  21,  are  telescopic. 

1893,  October  17^  16*^  40"^.     With  the  12-inch  a  nucleus  and  tail  were  visible. 

October  20.     Tried  to  see  it  with  the  naked  eye  but  could  not. 

October  21^  16^  40™.  It  was  faintly  visible  to  the  naked  eye  as  a  dim  streak 
about  one  degree  in  length. 

October  26^  16*"  30°^.  With  the  12-inch  there  was  a  short  tail  visible,  but 
the  comet  was  not  bright. 

October  27^  16^  40"*.     It  was  pretty  bright,  but  the  tail  was  dim. 

November  2^  15*^  20™.  The  head  was  pretty  bright,  but  there  were  only  faint 
traces  of  tail. 

November  6.  With  a  low  power  on  the  12-inch  the  tail  could  be  traced  for 
less  than  i  degree. 

DESCRIPTION  OF  THE  PHOTOGRAPHS. 

1893,  October  18.     The  head  is  small.     The  tail  is  narrow  for  8  minutes  and 

then  widens  out  into  a  fan-shaped   form  consisting   of  the  main  branch  and  a 

smaller  branch  on  the  south  side.     There  seem  to  be  some  irregular  condensations 

near  the  head. 
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October  20.  The  tail  consists  of  a  main  branch  which  is  strong,  but  irregular 
and  jfradually  widens,  and  a  shorter  streamer  on  the  north  side  at  an  angle  of  25 
degrees  to  the  other. 

October  21.  This  is  a  very  beautiful  and  unique  picture.  The  tail  near  the 
head  is  slender.  At  about  11  minutes  from  the  head  it  becomes  fainter.  It  then 
becomes  stroufjer  and  curves  northward  to  a  point  18  minutes  distant.  It  then 
irrc((ularly  widens  and  is  convex  to  the  north,  to  a  projection  on  the  north  side  at 
a  distance  of  45  minutes  from  the  head.  There  is  another  saw  tooth  projection  on 
the  north  side  at  a  distance  of  54  minutes.  P*rom  this  point  on,  the  tail  consists 
of  irregular  short  diffused  strips,  and  is  gently  convex  to  the  north.  The  whole 
picture  strongly  reminds  one  of  the  ancient  descriptions  of  a  comet  as  a  "torch  in 
the  heavens."     The  reproduction  is  a  faithful  copy  of  the  original. 

October  22.  This  is  a  very  remarkable  picture.  The  tail  near  the  head  for  a 
distance  of  xi  minutes  is  diffused  with  a  very  short,  narrow  streamer  on  the  north 
side  at  an  angle  of  15  to  20  degrees.  Then  begins  the  main  streamer  which 
apparently  is  disconnected  from  the  head,  and  which  has  a  sharp  definite  point 
in  the  end  towards  the  head.  This  streamer  is  narrow  and  somewhat  irregular 
and  extends  to  a  point  about  56  minutes  from  the  head,  where  it  is  rather  suddenly 
deflected  to  the  north  and  continues  a  short  distance  further,  parallel  with  its 
original  direction.  There  are  some  irregularities  in  it  near  the  following  end* 
At  50  minutes  from  the  head  begins  a  long  irregular  mass  at  a  distance  of  11 
minutes  south  of  the  main  branch.  This  runs  parallel  with  the  main  branch  for 
17  minutes.  Then  it  is  suddenly  deflected  to  the  north  at  a  sharp  angle  and  con- 
tinues parallel  with  its  original  direction  in  an  irregular  manner  to  a  distance  of 
a'\7  from  the  head,  where  it  suddenly  turns  south  and  apparently  terminates. 
Ueyond  this  at  a  distance  of  3^7  from  the  head  is  an  irregular  strip  of  nebulosity 
3 1  minutes  long  at  nearly  right  angles  to  the  main  direction  of  the  tail  and  56 
minutes  south  of  its  axis.  This  seems  to  be  disconnected,  or  at  least  is  connected 
with  the  main  tail  by  a  very  feeble  nebulosity.  Then  in  the  axis  of  the  main  tail, 
continued^  at  a  distance  of  3^.7,  completely  separated  from  the  other  part  of  the 
tail,  is  a  larger  mass  39  minutes  in  diameter,  slightly  elongated  in  the  direction  of 
the  main  taiK  The  whole  tail  in  this  region  has  the  appearance  of  being  dis- 
n\pted  and  shattered  by  some  force  moving  through  it  towards  the  south.  The 
reprt>duotiou  fairly  represents  the  original. 

November  a.  The  tail  is  rather  slender  and  very  strongly  and  irregularl}'^ 
v\>ucave  to  the  north.  It  is  very  irregular,  both  in  form  and  density,  but  of  nearly 
uniform  brijjhtness  to  the  end.  A  slender  streamer  runs  tangent  to  the  curvature 
of  the  tail  for  a  distance  of  r\i  on  the  south  side.  At  a  point  2*^.9  from  the  head 
is  an  abrupt  gap  in  the  tail  for  a  distance  of  34  minutes  which  is  almost,  if  not 
<}uitc>  devoid  of  nebulosity.  At  3"\6  from  the  head,  the  tail  is  suddenly  bent  at 
<\\\  angle   <>(  nearly   90  degrees   toward  the  south.     This  latter  portion^  which 
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November  ii.  The  tail  is  long  and  slender  and  wavy.  There  are  several 
slender  streamers  on  the  north  side,  one  of  which  has  its  origin. at  a  distance  of 
i°.5  from  the  head  and  extends  to  a  distance  of  4°.2.  There  is  a  short  streamer 
on  the  south  side  of  the  head,  making  a  slight  angle  with  the  tail.  At  a  distance 
of  4°.2  from  the  head  is  a  brighter  condensation  in  the  tail. 

November  12.  The  tail  is  long  and  slender  and  irregular.  There  is  a  short 
streamer  on  the  south  side  which  is  apparently  slightly  convex  to  the  south.  A 
very  slender,  long  streamer  on  the  north  side  begins  i°.o  from  the  head  and  runs 
to  a  distance  of  i°.8.  The  tail  apparently  terminates  at  a  distance  of  5^.0,  but 
there  is  a  continuation  of  this  which  has  apparently  drifted  toward  the  south  and 
is  especially  strong  in  the  form  of  an  elongated  mass  at  a  distance  of  7°.5  from  the 
head  in  the  position  (1855  o)  ^^^  37"*-5  +  39°-0- 

November  13.  The  head  is  very  small.  The  tail  is  slender  for  22  minutes 
and  then  widens  slightly  and  separates  into  two  parts,  the  south  one  of  which 
becomes  strong  and  wider  and  seems  to  be  separated  by  a  narrow,  dark  strip  1^.9 
from  the  head.  After  this  the  tail  extends  in  a  fragmentary  manner  to  and 
beyond  the  star  a  Canum  Venaticorum.  An  elongated  portion  near  that  star,  at  a 
distance  of  5  degrees  from  the  head,  is  especially  noticeable. 

November  14.  The  head  is  very  small.  The  tail  is  slender  and  of  uniform 
brightness  for  a  distance  of  2°.8,  after  which  it  becomes  very  faint  and  diffused. 
It  is  very  narrow  near  the  head  and  at  a  point  22  minutes  distant  a  part  of  the  tail 
curves  slightly  to  the  north,  but  a  slender  thread  continues  for  54  minutes  or  so  in 
the  original  direction.  The  tail  can  be  traced  to  the  north  of  and  beyond  a  Canum 
very  faintly. 

November  15.  No.  i.  The  tail  is  long,  slender  and  diffused.  There  is  a 
dark  streak  running  from  the  head  on  the  south  side  of  the  tail  for  about  54 
minutes.     The  head  is  very  small. 

November  15.  No.  2.  The  tail  is  a  little  stronger  in  this  plate.  The  dark 
streak  on  the  south  side  is  still  visible.  A  diffused  streamer  from  the  head  runs 
along  the  south  side  of  the  tail  for  34  minutes.  This  diffuses  toward  the  main 
tail  and  the  dark  streak  is  seen  to  be  due  to  a  vacancy  where  the  diffusion  from 
the  streamer  has  not  yet  reached  the  south  edge  of  the  main  tail.  At  a  distance 
of  2^.3  from  the  head  the  tail  continues  in  an  irregular  straggling  condition  to  its 
end. 

November  19.  The  tail  is  long,  slender  and  diffused  and  rather  irregular;  it 
seems  to  be  somewhat  brighter  at  a  distance  of  3°.o  from  the  head. 

REMARKABLE  PECULIARITIES  OF  THE  TAIL. 

The  tail  of  this  comet  frequently  exhibited  very  remarkable  and  unique 
phenomena.  So  strange  and  unaccounted  for  are  some  of  these  that  they  have 
suggested  the  presence  of  some  outside  influence,  coming  neither  directly  from 
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In  later  years  a  similar,  but  much  more  violent  case  of  acceleration  of  the  tail 
occurred  in  the  case  of  comet  c  1908  (Morehouse),  on  1908,  September  16, 
when  the  tail  was  thrown  ahead  of  the  radius  vector  at  a  very  great  angle 
(Ap.J.TA,  295,  1908). 

POSITION  ANGLES  AND  LENGTH  OF  THE  TAIL. 

To  show  the  deviation  of  the  tail  from  the  radius  vector  the  following  table 
has  been  prepared  where: 

7^= position  angle  of  the  tail  taken  from  the  BD  charts. 
/**= computed  position  angle  of  the  radius  vector. 

I«ength 
P  P*  P—P*         of  Tail. 

1893,  October      i8 324.0  322.6  +   1^.4  3* 

20 318.0  322.5  -4-5  3>^ 

21 320.5  322.6  -    2  .1  5 

22 322.6  322.8  -   o  .2  4 

November    2 321.7  323.8  -   2  .1  5 

3 3057  323-8  -18. 1  5 

6 322.6  323.9  -   I  .3  7 

7 312.7  324.0  -II  .3  6 

10 320.7  324.2  -3-5  7 

II 312.7  3242  -II  .5  7 

12 321.0  324.2  -  3 .2  9 

13 319.5  324.2  -   4.7  6 

14 317.0  324.4  -   7  .4  6>4 

15 318.6  324.2  -  5  .6  8 

19 322.2  324.2  -   2 .0  6 

The  minus  sign  indicates  that  the  tail  lagged  behind  the  radius  vector. 

On  account  of  the  curvature  and  irregularity  of  the  tail,  as  shown  on  the 
photographs,  the  measured  position  angle  must  necessarily  be  uncertain,  depend- 
ing, as  it  does,  upon  the  part  of  the  tail  used. 

POSSIBLE  CAUSE  OF  THE  PECULIARITIES  OK  THE  TAIL. 

For  a  great  many  years  I  have  called  attention  to  the  fact  that  some  of  the 
phenomena  of  comets'  tails  have  indicated  the  presence  of  some  kind  of  disturbing 
medium  which  they  encounter  in  space.  In  the  Astrophysical  Journal  for  January, 
1909,  pages  70-71,  I  have  given  a  brief  oiitline  of  a  theory  to  account  for  these 
changes. 

If  we  accept  it  as  a  fact,  and  I  think  it  is  a  fact,  that  the  tail  of  a  comet  is 
sometimes  broken  or  changed  by  some  force  or  influence  not  directly  due  to  light 
pressure  or  to  the  forces  present  in  the  comet  itself,  it  becomes  a  very  important 
problem  to  determine  what  this  unknown  cause  may  be.  That  it  is  actual  matter 
in  the  planetary  spaces  which  the  tail  encounters,  does  not  seem  probable. 
Swarms  of  meteors  (such  as  we  know  do  exist)  might  have  some  such  influence, 
but  it  would  probably  be  slight  so  far  as  attraction  or  collision  is  concerned,  and 
could  have  no  effect  in  producing  an  acceleration  of  the  tail  perpendicular  to  the 
radius  vector,  as  is  shown  to  have  occurred  in  the  case  of  this  comet  in  the  first 


40  PUBLICATIONS  OF  THE  LICK  OBSERVATORY. 

Following  are  notes  which  were  made  during  the  brighter  period  of  the 
comet : 

VISUAL  OBSERVATIONS. 

1894;  April  28.  With  the  12-inch  telescope  it  was  a  conspicuous  object, 
bright,  large  and  round.  It  was  visible  to  the  naked  eye,  like  a  hazy  star  of  the 
fifth  or  sixth  magnitude  and  appeared  somewhat  less  in  size  than  the  cluster 
Dreyer  2422.     The  cluster  was  about  one  fourth  brighter  than  the  comet. 

April  29.  The  comet  was  noticeable  to  the  naked  eye  as  a  bright  hazy  spot 
of  about  the  fifth  magnitude.  In  the  12-inch  it  was  brightly  condensed  and 
round — about  6  or  8  minutes  in  diameter — but  with  no  tail  or  nucleus. 

April  30.  It  was  conspicuous  to  the  naked  eye,  and  brighter  than  BD— 18°  2 190 
of  the  4.5  magnitude.  It  was  large  and  round  in  the  12-inch  and  6  to  8  minutes 
in  diameter  with  no  trace  of  tail.  The  36-inch  telescope  showed  a  very  small 
nucleus  of  the  thirteenth  magnitude. 

May  2.  It  was  conspicuous  to  the  naked  eye  as  a  large  hazy  star  of  the  fourth 
magnitude,  brighter  than  the  star  BD— 12°  2385  of  the  5.0  magnitude.  It  was 
nearly  as  bright  as  BD— 2°  2450,  4.8  magnitude. 

May  3.  The  sky  was  thick  during  the  exposure.  To  the  naked  eye  the 
comet  was  a  large  spot  of  hazy  light,  approximately  round.  Though  not  so  bright 
intrinsically  as  the  star  BD— 3*^  2339  (3".7)  it  was  more  conspicuous. 

May  4.  The  sky  was  so  thick  that  it  was  doubtful  if  the  photographic  plate 
would  show  anything  of  the  comet.  To  the  naked  eye  it  was  easily  and  conspic- 
uously visible,  but  not  so  noticeable  as  the  star  BD— 3°  2359,  3.7  magnitude. 

May  5.     Sky  good  and  clear. 

May  10.     Faintly  visible  in  moonlight  with  the  naked  eye. 

May  22.  Very  faintly  visible  to  the  naked  eye.  It  was  round  in  the  12-inch 
with  no  trace  of  tail. 

DESCRIPTION  OF  THE  PHOTOGRAPHS. 

1894,  April  29.  The  head  is  large,  round  and  diffused.  The  tail  is  a  mere 
thread,  perhaps  double  after  34  minutes  from  the  head. 

May  2.  The  head  is  large,  round  and  diffused.  The  tail  is  rather  slender 
and  widens  slightly.     At  its  connection  with  the  head  it  is  a  mere  thread. 

May  3.  The  head  is  large,  round  and  diffused.  The  tail  is  long,  straight 
and  slender.     Very  narrow  where  it  joins  the  head. 

May  4.  The  main  tail  is  very  long  and  slender  and  slightly  widening.  This 
tail  does  not  reach  the  head  but  is  apparently  disconnected  at  a  distance  of  45 
minutes  from  it.  There  are  two.  slender  streamers,  one  north  and  one  south  of 
the  main  tail,  whose  intersection  would  not  be  at  the  center  of  the  head.  Between 
these  there  is  considerable  nebulosity.     In  this  case  it  is  evident  that  the  supply 
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of  matter  for  the  main  streamer  of  the  tail  had  ceased  some  time  before  the  photo- 
graph was  made  and  that  the  tail  was  drifting  bodily  outward  into  space — a 
similar  case  to  that  of  Borrelly's  comet,  1903,  July  24  (^/  /.  18,  210,  1903). 

May  5.  The  head  is  large,  round  and  diflfused.  There  is  a  very  feeble 
streamer  from  it  on  the  north  side  of  the  tail  at  an  angle  of  about  20  degrees. 
The  tail  at  first  is  long  and  slender — almost  thread-like  near  the  head.  At  a 
distance  of  1^.9  from  the  head  it  widens  out  somewhat  on  the  north  side.  The 
south  side  of  the  tail  continues  to  the  end  as  a  long  slender  line.  The  north 
branch  is  broader  and  less  definite  but  well  defined.  At  i°.3  from  the  head  a  fine 
thread-like  line  makes  its  appearance  and  runs  out  free  of  the  north  side  of  the 
tail  to  a  distance  of  3^.7  from  the  head. 

May  8.  The  head  is  large,  round  and  diffused.  The  tail  consists  of  one  or 
more  faint  threads. 

POSITION  ANGLES  AND  LENGTH  OF  THE  TAIL. 

The  following  position  angles  of  the  main  axis  of  the  tail  were  taken  from 
the  BD  charts  with  a  large  protractor.     They  are  very  approximate: 

Pos.  Ang.  length  of  Tail. 

1894,  April  29 114*  2* 

May     2 113  6 

3 105  10 

4 112  8 

5 "5  9 

8 108  4 

It  may  not  be  entirely  out  of  place  to  insert  at  this  point  some  further 
remarks  concerning  portrait  lenses,  as  the  information  may  be  of  service  to  others 
using  this  class  of  instrument. 

One  of  the  most  important  advantages  of  the  portrait  lens  over  other  forms  of 
photographic  telescopes  is  its  wide  field  of  view,  which  makes  it  invaluable  for 
photographing  the  tails  of  comets  and  the  great  structures  of  the  Milky  Way. 
The  same  lens  can  be  made  to  give  a  perceptibly  larger  or  smaller  field,  using  a 
flat  plate  in  both  cases.  This  is  due  to  the  fact  that  in  such  a  lens  there  is  a 
small  allowance  (which  I  will  call  the  focal  limit)  in  the  determination  of  the 
focus,  so  that  a  very  slight  change  toward  or  from  the  lens  will  not  materially 
affect  the  size  and  sharpness  of  the  images  in  the  center,  while  at  the  same  time 
it  will  affect  the  field.  If  advantage  is  taken  of  this  and  the  plate  kept  close  to 
the  inside  limit,  the  field  of  good  definition  will  be  slightly  increased,  while  the 
reverse  of  this  occurs  if  the  plate  is  at  the  outside  limit.  It  is,  therefore,  an 
advantage  to  keep  close  to  the  inside  limit.  If  the  plate  is  brought  nearer  the 
object  glass  a  focal  zone  (in  which  the  stars  are  small  and  sharp)  will  be  produced 
away  from  the  center  of  the  plate,  while  at  the  center  all  the  stars  will  be  percept- 
ibly increased  in  size.     Such  a  picture  is  misleading,  as  it  gives  the  impression 
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that  the  stars  near  the  middle  are  brighter  and  that  there  are  fewer  faint  stars, 
when  in  reality  the  stars  of  diflFerent  brightness  may  be  uniformly  distributed 
over  the  entire  region.  This  may  lead,  therefore,  to  an  erroneous  idea  of  the  dis- 
tribution of  stars  of  different  magnitudes.  This  peculiarity  has  been  avoided  as 
much  as  possible  in  the  present  work  and  this  notice  is  given  only  as  a  caution. 
Plate  31  perhaps  shows  this  peculiarity,  where  the  plate  was  possibly  just  inside 
the  focal  limit. 

To  those  just  beginning  work  with  a  portrait  lens,  a  good  index  of  the  posi- 
tion of  the  plate  with  respect  to  the  focus  is  as  follows: 

Larger  images  in  the  middle  with  smaller 

and  sharper  images  in   a  zone  away  \  Plate  inside  true  focus, 
from  the  middle 


Sharpest   images  at    the    middle    but  not 
small  enough 


Plate  outside  true  focus. 


Fortunately,  for  portrait  lens  work,  very  few  plates  of  glass  such  as  are  used 
for  making  dry  plates  are  really  flat.  It  seems  to  be  the  custom  (which  is  the 
correct  way)  to  put  the  emulsion  on  the  concave  side  of  the  plate.  This  materially 
improves  the  field  of  a  star  plate.  Once  in  a  while,  but  very  seldom,  however,  the 
emulsion  has  been  put  on  the  convex  side.  Such  a  plate  will  give  a  bad  negative, 
as  the  convex  surface  at  the  middle  will  then  fall  inside  the  focus,  and  instead  of 
curving  with  the  focal  plane  will  curve  against  it. 

It  is  well  to  mention  here  that  in  long  exposure  work  the  lens  should  be  pro- 
tected by  a  "dew  cap"  (not  long  enough  to  cut  down  the  field  of  view)  to  cut  out 
light  from  parts  of  the  sky  other  than  that  being  photographed,  otherwise  a 
decided  fogging  effect  may  be  produced  by  light  striking  the  lens  from  larger 
portions  of  the  sky  than  necessary.  ,  This  is  especially  valuable  when  photo- 
graphing a  comet  in  a  dawnlit  or  twilit  sky. 


PERSONAL  BIBUOGRAPHY. 

A  short  personal  bibliographical  list  of  papers  more  or  less  intimately  con- 
nected with  the  subjects  of  this  volume  may  be  of  interest.  This  list,  brought  up 
to  date,  is  given  here.     The  following  explains  the  abbreviations  used: 

A.  and  Ap.  =  Astronomy  and  Astrophysics. 

A.  J.  =  Astronomical  Journal. 

Ap  J.  =  Astrophysical  Journal. 

A.  N.  =  Astronomische  Nachrichten. 

M.  N.  —  Monthly  Notices  of  the  Royal  Astronomical  Society. 

S.  M.  =  Sidereal  Messenger. 
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Prediscovery  Photographs  of  Espin's  Nova  Lacertae.    A.  N,  187,  63,  1911. 

Photographs  of  the  Planet  Mars,  etc.    Two  plates.     M.  A^.  71,  47i|  1910-11. 

The  Conjunction  of  Mars  and  Saturn  191 1,  August  16.     One  plate.    Pop.  Astron,  19,  498,  1911. 

Micrometrical  Measures  and  Focal  Peculiarities  of  Nova  Lacertse  (Espin).    One  plate.     M.  N.  72,  659, 

1911-12. 
Dark  Regions  in  the  Sky  Suggesting  an  Obscuration  of  Light.     Ap.  J.  88,  — ,  191 3. 


COMETS. 

Observations  and  Photographs  of  Swift's  Comet  of  March  6,  1892.    A.  and  Ap.  11,  386,  1892. 

Discovery  of  a  Comet  by  Photography.     M.  N.  58,  36,  1893. 

Photographs  of  Brooks's  Comet  (October  17,  1893).     Pop.  Astron.  1,  145,  1893-94. 

Photographs  of  Gale's  Comet.    Two  plates.    A.  and  Ap.  18,  421,  1894.     (One  plate  opposite  p.  560.) 

Correction  to  the  Photograph  of  Gale's  Comet.    A.  and  Ap.  18,  706,  1894. 

Photographs  of  a  Remarkable  Comet.     One  Plate.    A.  and  Ap.  18,  789,  1894. 

Photographic  and  Visual  Observations  of  Holmes's  Comet.     One  plate.    Ap.  /.  8,  41.  1896. 

On  the  Photographic  Discovery  of  Comet  V  1892.     One  plate.    Pop.  Astron.  8,  13,  1895-96. 

Photographs  of  Comets  and  of  the  Milky  Way.    Three  plates.     M.  N.  59,  354,  1898-99. 

Photographic  Observations  of  Borrelly's  Comet  and  Explanation  of  the  Phenomenon  of  the  Tail  on  July  24, 

1903.     Two  plates.    Ap.  J.  18,  210,  1903. 
Some  Peculiarities  of  Comets'  Tails  and  Their  Probable  Explanation.     Four  plates.    Pop.  Astron,  12,  i,  1904. 
On  the  Anomalous  Tails  of  Comets.     One  plate.     Ap.  J.  22,  249,  1905. 

Photographic  Observations  of  Giacobini's  Comet  (1905  c).     Two  plates.    Ap.  J.  24,  255,  1906. 
Photographic  Observations  of  Comet  c  1908  (Morehouse).     Eleven  plates.    Ap.  J.  28,  292,  384,  1908;  29, 

65»  1909- 
Photographs  of  Comet  c  1908  (Morehouse).    Three  plates.     M.  N.  69,  52,  114,  1908-09. 

Photographic  Observations  of  a  Very  Remarkable  Comet.    Two  plates.     Pop.  Astron.  16,  591,  1908. 

On  the  Erroneous  Results  of  a  Stereoscopic  Combination  of  Photographs  of  a  Comet.     M.  N.  69,  624, 

1908-09.    Reprinted  in  Pop.  Astron.  17,  531,  1909. 
Suggestions  in  Respect  to  Photographing  Comets,  with  Special  Reference  to  Hailley'i  Comet.    Pop.  Astron. 

17,  597,  1909- 
Photographic  Observations  of  Daniel's  Comet.    Twenty-five  plates.    Proc.  Am.  Phil.  Soc.  49,  3,  1910. 
Observations  of  Halley's  Comet  and  Notes  on  Its  Photographic  Appearance.    A.  J.  26,  76,  1908-11. 
Photographic  Observations  of  Halley's  Comet.     One  plate.     Pop.  Astron.  18,  321,  1910. 
On  the  Acceleration  of  the  Receding  Masses  in  the  Tail  of  Halley's  Comet,  1910,  June  6.    A.  N.  186, 

II,  1910. 
Photographic  Observations  of  Comet  1911  c  (Brooks).     Seven  plates.     Ap.  J.  86,  i,  1912. 
Gale*s  Comet  a  1912.    Pop.  Astron.  20,  579.  1912. 
Schaumasse's  Comet.     Pop.  Astron.  20,  608,  191 2. 
Borrelly's  Comet  1912  c.     Pop.  Astron.  20,  672,  1912. 


.  IDENTIFICATION  OF  STARS,  NEBULA,  ETC. 

Much  time  is  often  wasted  in  identifying  the  individual  stars  on  long  exposure 
photographs  made  with  portrait  lenses.  To  facilitate  the  use  of  the  present 
plates,  it  was  deemed  important  to  identify  a  few  of  the  known  stars  for  use  in 
finding  the  places  of  others.  As  it  would  disfigure  the  pictures  to  mark  such 
stars  upon  tliem,  it  was  decided  to  refer  their  positions  to  the  sides  and  top  or 
bottom  of  the  plates.     These  identifications  are  collected  at  the  end  of  the  text 
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descriptive  of  each  photograph  under  the  heading  *{ Identification  of  Stars^"  etc., 
where,  in  the  last  column: 

R  means  right  side  * 

L  means  left  side 
T  means  top 
B  means  bottom 


Where  a  star  is  not  bright  or  well  known,  the  number  in  the  Bonn  or  Cordoba 
Durchmusterung  is  assigned  it,  and  the  position  given  for  .1855.0  or  1875.0. 
Some  of  the  nebulae  are  also  thus  identified,  the. number  assigned  to  the  object 
having  been  taken  from  Drej-er's  Afeza  General  Catalogue  of  Nebtdce  and  Clusters  of 
Stars  or  from  his  Index  Catalogues. 

In  like  manner  the  smaller  defects  that  have  occurred  in  the  reproduction  are 
(when  necessary  to  avoid  mistakes)  located  in  a  similar  way. 

It  has  been  thought  unnecessary  to  thus  identif}'  the'  stars  in  the  comet  photo- 
graphs, for,  having  fewer  stars  to  deal  with,  the  difiiculty  of  their  identification  is 
not  so  marked.  From  the  position  of  the  head  and  the  approximate  position  angle 
of  the  tail,  the  location  of  the  comet  on  the  charts  is  very  easily  determined. 

In  the  present  work,  the  stand  has  been  taken  that  there  exist  in  space 
masses  of  more  or  less  opaque  matter,  nearer  to  us  in  general  than  the  stars, 
whose  presence,  in  the  form  of  partiallj'^  luminous  "nebulosity,"  is  shown  b}'  the 
scarcity  or  entire  absence  of  stars  which  seem  to  be  blotted  out  by  it  in  certain 
parts  of  the  sk}-.  These  probable  obscuring  masses  are  apparently  more  frequent 
in  the  Milk}-  Way,  where,  perhaps,  the  great  number  of  stars  more  readily  indi- 
cates their  presence.  The  belief  in  the  existence  of  this  obscuring  matter  is  not 
based  alone  on  the  photographs  contained  in  this  volume,  though  they  gave  rise 
to  it.  It  has  been  strengthened  and,  to  me  made  a  fact,  by  the  study  of  the  later 
and  more  perfect  photographs  (more  perfect  because  of  the  larger  scale)  which 
were  made  b3'  me  with  the  Bruce  telescope  of  the  Yerkes  Observatory  in  the  past 
eight  or  ten  years,  and  especially'  of  those  made  b\'  me  with  the  same  telescope 
on  Mount  Wilson,  California,  in  the  summer  of  1905.  A  photographic  search  has 
been  made  in  recent  3'ears  with  this  instrument  for  these  apparently  vacant  or 
nebulous  regions,  with  the  hope  of  accumulating  as  much  information  as  possible 
as  to  their  extent  and  distribution.  The  most  remarkable  of  these  singular 
features  seem  to  be  in  the  southern  region  of  the  Milkj'  Way  in  Ophiuchus  and 
Scorpio,  though  some  striking  cases  are  found  in  Taums  and  Cephens. 

It  is  possible  that  later  discoveries  made  on  some  of  the  photographs  of  the 
Milky  Wa\'  included  in  this  volume  may  render  it  desirable  to  know  the  exact 
times  when   the   plates  were   taken.     All   of  the   exposure   times   are,  therefore. 
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printed  here.     In  the  case  of  the  comet  photographs,  the  exposure  times  will  be 
found  in  the  descriptions  accompanying  the  plates. 


LIST  OF  EXPOSURE  TIMES  OF  STAR  PLATES 


Plate 
No. 

P.  8.  T. 

Duration 

of 
Expotare. 

Plate 
No. 

P.  8.  T. 

Duration 

of 
Exposure. 

PUte 
No. 

p.  8.  T. 

Duration 

of 
Exposure. 

mate 
No. 

PS  T. 

Duration 

of 
Exposure. 

h       m 

h     m 

h       m 

h     m 

h       m 

h      m 

h     m 

h      m 

2 

8  30 

I  47 

24 

14  35 

4  10 

46 

10  38 

3    5 

68 

II  34 

2    13 

3 

9  52 

I  30 

25 

16    2 

1 25 

47 

10  38 

3    5 

69 

II   50 

5  10 

4 

10    5 

2  50 

36 

9  25 

3  16 

48 

13  22 

2  15 

70 

9  14 

4  43 

5 

16  25 

2     0 

27 

9  25 

.    3  16 

49 

938 

3    0 

71 

8  50 

4  20 

6 

15  48 

3  15 

28 

9  10 

3    0 

50 

938 

3    0 

72 

8  58 

235 

7 

8  40 

3    0 

29 

8    6 

2  28 

51 

12  40 

3  30 

73 

II    ID 

3    0 

8 

10  45 

4  10 

30 

14  45 

0  30 

52 

12   40 

3  30 

74 

9  17 

5    0 

9 

8  50 

.5    0 

31 

15  47 

2    0 

53 

9  40 

I  20 

75 

10    0 

4    0 

10 

14  34 

2    0 

32 

9  29 

2    0 

54 

II    0 

4  10 

76 

13    4 

4  17 

II 

14    8 

3  15 

33 

12  30 

I    0 

55 

II  40 

4  30 

77 

10  44 

3  15 

12 

1047 

3    0 

34 

10  48 

4    0 

56 

12  55 

3    0 

78 

II     2 

6    5 

13 

835 

4    0 

35 

10  40 

3  20 

57 

II  48 

4  25 

79 

1045 

5  20 

14 

14  44 

0  20 

36 

j  II  12 

1  10  50 

4    0 

58 

II  48 

4  25 

80 

10  45 

5  20 

15 

3    8  30 
\   8  28 

5    0 

3  30 

59 

8  46 

3    5 

81 

13  38 

4  15 

5  15 

37 

10  32 

I  55 

60 

xo  4t 

4  30 

82 

II  50 

7    0 

i6 

II  50 

6    0 

38 

II  18 

3  35 

61 

14  30 

2  21 

83 

II  54 

5    0 

17 

II  50 

6    0 

39 

II  55 

4    0 

62 

•  •  •  • 

4  30 

84  • 

11  52 

6  21 

i8 

10  42 

2    0 

40 

II  18 

3  35 

63 

•  •  •  • 

4  30 

85 

13  55 

6    0 

19 

12  50 

4  20 

41 

II    0 

3    0 

64 

II    0 

5  10 

86 

II  10 

4  20 

20 

14    0 

2    0 

42 

12  12 

4    5 

65 

13  25 

3  20 

87 

14  55 

4    0 

21 

13    0 

3    0 

43 

12  12 

4    5 

66 

II    8 

53d 

88 

15  25 

3    0 

22 

II  55 

2  10 

44 

II  20 

4    0 

67 

II  18 

4    5 

89 

14  12 

3    5 

23 

II  55 

2  10 

45 

10  30 

2  51 

I  would  beg  to  express  my  heartiest  thanks  and  appreciation  to  Professor 

R.  G.  Aitken,  who  has  kindly  compared  and  checked  all  the  proofs  of  this  volume 

with  the  manuscript. 

E.  E.  BARNARD. 
Yerkes  Observatory^ 

Williams  Bay^  Wisconsin^ 

December  i6y  igij^ 
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PLATE  1 

THJS  MOOM  WITH  A  PORTRAIT  LENS 

(Tup  is  uorth) 
ib^5  i<t:l>ruury  26  1895  August  17 

i-.j  ,  J  ...(   ^:i    Vcijua  and  the  Muou)  1895  September  3  (Total  Eclipse  of  the  Moon) 

1  1*      ii  i.iil.-j  :uc  uol  vj  sharp  in  the  reproduction  as  in  the  originals,  in  which 

.    i-  iii-i.  lioih  'ill  Llic  eclipsed  and  earth-lit  Moons,  is  quite  clearly  shown.     In 

^,;.  /'.-.. «-/ii  'jf  l^'euua  and  the  Moon  the  glow  in  the  crescent  is  due  to  halation. 
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PLATE  2 


IN  CASSIOPEIA— NEAR  k  CASSIOPEIA 


(Top  is  north) 

1855.0  a  o*  32" 
1894  February  6 


(Scale:  i  cni.  =  37'.6) 
d  +  62'.9 

Exposure  !*•  47" 


The  two  small  fan-shaped  nebulae  close  north  and  east  of  y  CassiopeisB  are  well 
shown.  They  point  towards  the  star  in  each  case.  The  ring  of  light  around  y 
itself  is  due  to  halation,  and  is  not  real. 

The  arrangement  of  the  stars  in  cloud  forms  is  not  so  well  marked  as  in  the 
original  picture,  but  they  indicate  fairly  well  the  peculiarity  of  the  Milky  Way  in 
this  region. 

On  the  original  negative  the  9.5  magnitude  star  BD  +  64°  13  (1855.0,  o^  5"  39* 
+  64°48'.4)  is  in  the  center  of  a  small  irregular  nebulosity  2'  — 3'  in  diameter. 
It  is  not  in  Dreyer's  lists. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

P  Cassiopeiae    .  . 

2.2 

.1855.0 

h 
0 

m          ■ 
I      29.6 

+  58 

21.0 

B 

In.        mm. 
1.4  =  36 

R 

Id.         mm. 
0.8    =20 

BD  +  64M3  .  .  .  . 

9.5 

1855.0 

0 

5    39 

+  64 

48.4 

T 

1.6    41 

R 

1.58      40 

H  Cassiopeiae .  .  . 

45 

1855.0 

0 

24    48 

+  62 

7.8 

B 

3-6    91 

R 

2.8      71 

7j  CassiQpeice .  .  . 

3.8 

18550 

0 

40    21.7 

+  57 

2.4 

B 

0.4    10 

Lr 

2.3        58 

y  Cassiopeice    .  . 

2.3 

1855.0 

0 

47    59.9 

+  59 

55.8 

B 

2.3    58 

L 

1.8      46 

BD  +  64*  127   ... 

5.9 

1855.0 

I 

2    21 

+  64 

13.3 

T 

1.9    48 

L 

i.o      25 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Elongated,  white  (i  in.  N.E.  of  x)  •  •  • 
Small,  white 

In.        mm.                                       In.          mm. 

B    3.1   =79                   I,    0.9  =23 
T    1.57    40                  R    1.55    39 

THE   r'!F.-.V  ■■ 

■  r 

PUBLIC  i.I.-' 

^STQS.     M-     ■     ■ 

•    n 
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PLATE  3 
BEOIOH  OF  THE  GBEAT  NEBDLA  OF  ANDROMEDA 

(Top  is  north]  (Scale:  i  ciii.  =  36'.9) 


north] 

1855.0  a  o"  4a°" 
1894  October  4 


0  +  41*,! 

Bxposnre  i' 


There  is  no  nebulosity  on  this  plate  besides  the  well  known  nebula;  any 
inequalities  of  illiimination  are  defects  of  reproduction.  The  sky  should,  there- 
fore, be  uniformly  dark. 

Apparently  the  stars  to  the  east  of  the  nebula  are,  on  the  average,  of  a.  slightly 
larger  size  and  perhaps  fewer  in  number.  Otherwise  they  seem  to  be  uniformly 
scattered  over  this  part  of  the  sky. 


IDBNTIFICATION  OF  STARS,   ETC. 


Object. 

U>K. 

PUcc. 

*-  AndromedK   . 

4-7 

1855.0  0  4t  51.3 

+  40  ll'.i 

T    3-9    =99          L    3-7    =94 

BD  +44'    176   .  . 

6.B 

1855.0  0  41  "9 

+44  ".5 

T    1.3s      34          L    3.6s     93 

M  Androm«dK   . 

4.» 

1855.0  0  48  43-8 

+37  4a.7 

B    3.3       56          L    a.8       71 

/i  AndromedK   . 

3.3 

1855.0  1     1  37.6 

+  34  50.5 

B     0.5        13           I,     I.I        38 

Dbfhcts 

Description. 

Small,  lifcbt 1    ' 

Irregular,  white 

Small,  luminous    1 

Irregular,  light 


DiiUnce  Irom  Bdgc  ol  Plate. 


PLATE  4 


THE  GREAT  NEBULA  OF  ANDROMEDA 


(Top  is  north) 

1855.0  a  o^  35" 
1895  September  16 


(Scale:  i  cm.  =  i8'.2) 
d  +  4o^9 
Exposure  2**  50" 


The  background  of  the  plate  should  be  uuiformlj^  dark.  Three  is  a  slight 
halation  ring  about  v  AndromedsB. 

The  striking  diflFerence  in  the  brightness  of  the  stars  BD  +38°  91  of  8.0  mag- 
nitude and  BD  +  38°  90  of  5.5  magnitude  will  be  noticed.  On  the  photograph 
they  are  apparently  equal. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

6.5 

1855.0 

h       III 
0      29 

Place. 

■ 
39.1 

Distance  from 

Edge  of  Plate. 

BD  +  39''  138    ... 

+  39    32.1 

B 

In.       mm. 
2.2  =  56 

In.      mm. 

R     1.4  =  36 

BD  +  38'  90  .  .  .  . 

5.5 

1855-0 

0    33 

17.I 

+  38    390 

B 

I.I       28 

R    2.3    58 

BD  +  38**  91  .  .  .  . 

8.0 

1855.0 

0    33 

21.4 

+  38    47.9 

B 

1.3    33 

R    2.3    58 

y  Andromedee  .  . 

4.7 

1855.0 

0    41 

51.3 

• 
+  40    17.6 

B 

3.2    81 

L    0.9    23 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

In.        mm.                                          In.    mm. 

B    0.8  =  20                    R    0.3  =  8 

StnaH.  white,  irreeular 

^.  » ■  1 


THK  r\ 
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PLATE  fi 
IN  CASSIOPEIA— NEAB  Y  CASSIOPEIA 

(Top  is  north)  (Scale :  i  cm.  =36'.») 


1855-0  "  0' 
1894,  November  8 


44" 


(Scale : 
S  +6o'.o 

EKposnre  a'  o" 


The  Star  y  CassiopeisB  occupies  the  middle  of  the  plate.  The  two  small 
shaped  nebulte  above  and  to  the  right  are  shown,  but  the  immediate  glow  a 
the  star  is  due  to  halation.  • 

Considerable  areas  of  unequal  illumination  appear  on  the  plate — especial 
the  lower  part  and  near  the  top.  These  are  defects  of  reproduction — the  1 
ground  should  be  uniformly  dark.  There  is  no  diffused  nebulosity  shown 
except  the  small  one  close  following,  and  attached  to  the  star  BD  +  55°  191. 

The  distribution  of  stars  in  this  region  is  unequal.  There  is  a  tend 
toward  massing  in  patches,  with  some  indications  of  cloud  forms. 


Identification 

OF  STARS,  Etc 

Object. 

M«g. 

Ptace. 

DtaUBCT  trom  Hdae  of  PUtc 

4-5 

1855.0  0   34   48 

-(-6a      7.8 

T 

3.0  =  51 

R 

a.o=si 

a  CaBsiopeiat!    . 

Var. 

1855.0  0  3a    18.8 

+  55    44-6 

B 

1-5     38 

R 

3.4    61 

7  CassiopeiK    . 

3.8 

1855.0    0    40    al.7 

*ll      3.4 

B 

a.5    64 

R 

3-1    79 

BD  +  55*  191    ■  ■ 
DreyeriSi     .  .  . 

7-7 

1855.0    0    44     13.5         -H55    50.al 
Nebulosity  about  the  above  star} 

B 

1.6    41 

R 

3-5    89 

y  CaBBiopeiie    . 

a-3 

1855.0    0    47    599 

+  59    55-8 

T 

3-5    89 

L 

3-4    86 

S  Casslopeise    . 

3-0 

1855-0     1     16     33.3 

+  59    a8.6 

T 

3.6    91 

L 

i.o    »5 

Dreyer457.  .  .  . 

1860.0    I    10    ao 

+  57     35 

B 

a.8    71 

L 

1-4    36 

8-L 


PLATE  6 


IN  CASSIOPEIA 


(Top  is  north) 

1855.0  <r  i**  20" 
1894  November  7 


(Scale:  i  cni.  =  37'.7) 

<5  +65'.  5 

Exposure  3''  15" 


No  nebulosity  is  shown  on  the  plate  except  the  small  patches  near  y  CasslopeisB. 
There  are  a  few  unreal  luminous  patches,  but  these  are  easily  recognized,  espe- 
cially the  one  just  above  the  middle  of  the  plate  and  to  the  left.  The  massing  of 
the  stars  in  cloud  forms  is  fairly  well  shown,  particularly  in  the  region  of  e 
and  y  Cassiopeis. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

2.3 

Place. 

h       ni            B 

0    47    59  9 

Distance  from  Edge  of  Plate. 

y  Cassiopeise    .  . 

1855.0 

+  59    55.^ 

In.      mill.                                   In.      mm. 

B    0.2=  5                R    0.7  =  18 

BD  +  68"  77  .  .  .  . 

6.0 

1855.0 

I      0    56 

+  68      0.2 

T     1.4    36                R    2.1     53 

e  Cassiopeise  .  .  . 

.V3 

1855.0 

I     44      4 

+  62    57.3 

B     2.1     53                 L     1.6    41 

Dreyer  663     .... 

... 

1860.0 

I     36    29 

+  60    32.3 

B    0.5     13                 L    2.0    51 

Defects 


Description.                                                   Distance  from  Edge  of  Plate. 

Lieht  strip     

In.         mm.                                     In.        mm. 

T     1.4  =  36                  R    2.8  =  71 

PUB..i 


■     1 


V  ■ 


■■» 


•  •  ■        . 


■  < 


PLATE  7 
IN  CASSIOPEIA— NEAR  S  CASSIOPEIA 

(Top  is  north)  (Scale :  i  cm.  =44'.4) 

1855.0  a  ih  32"        <5  +  59".2 
1894  February  2  Exposure  3**  o" 

The  plate  is  essentially  free  from  defects. 

The  two  small  nebulae  near  y  Cassiopeise  are  shown  close  to  the  right  edge  of 
the  plate  above  the  middle.     There  is  no  diffused  nebulosity  shown. 

This  is  a  region  of  very  small  stars  with  a  sprinkling  of  considerably  larger 
ones.  There  are  several  small  dark  spots  in  the  brighter  mass  of  stars  near  the 
middle,  and  a  large  irregular  one  to  the  left  of  e  Cassiopeise. 


Idkntification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Bdge  of  Plate. 

r  Cassiopeise    . 
8  Cassiopeise    , 

BD  +  54"  396    .  . 
e  Cassiopeise 
Dreyer  457     .  .  . 
Dreyer  663 .... 
Dreyer  869 .... 
Dreyer  884  ...  . 

2.3 
30 

5.7 

3-3 

... 
... 

... 
... 

h        ni             ■                       e               / 

1855.0    0    47    59-9         +59    55-8 
1855.0    I     16    23.3         +59    28.6 
1855.0    I    42    30.3         +54    25.7 

• 

1855.0     I    44      4            +62    57.3 
18600    I     10    20            +57    35 
1860.0    I     36    29            +60    32.3 

1860.0    2      9    ^5            +56    30- 1  / 
1860.0    2     12    35            +56    28.0) 

In.        mm.                                In.        mm. 

T     2.5  =  64                R    0.0=  0 
T     3.0    76                R    2.2    56 
B     0.9    23               L     2.5    64 

T     0.8    20               L     2.6    66 

• 

B      2.9    74                R     1.6    41 
T     2.4    61               L    3.1     79 

B     2.4    61               L    0.2      5 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Small,  black     

In        mm.                                             In.      mm. 

T     2.7  =  69                      R    2.6  =  66 
T    2.9    74                      R    3-4    86 

Small,  black     

• 

r 
i 


V  ...•■   . 


PLATE  8 


IN  CASSIOPEIA— NEAR  e  CASSIOPEIA 


(Top  is  north) 

1855.0  a  i^  38 
1895  September  14 


(Scale:  i  cni.  =  36'.6) 
<5  +  63'.3 
Exposure  4**  io"» 


No  diffused  nebulosity  appears  in  this  region. 

The  cluster  Dreyer  663  seems  to  send  off  straggling  masses  of  stars  to  the 
south  and  west,  and  in  other  directions  for  at  least  50  minutes,  and  it  appears  to 
be  formed  among  the  general  mass  of  stars  that  cover  a  considerable  area, 
especially  to  the  west  and  southwest.  The  singular  dark  marking  nearly  a  degree 
to  the  southwest  of  this  cluster  is  fairly  well  shown,  with  some  curious  dark  lanes 
near  by.     A  similar  dark  spot  occurs  slightly  west  of  M103. 

The  double  cluster  of  Perseus  is  visible  in  the  lower  left  corner. 


Identification  of  Stars,  Etc 


Object. 

8  Cassiopeise .  .  . 

Mag. 
3.0 

1855.0 

h 

I 

Ul  • 

16 

Place. 

6 

Distance  from  Edge  of  Plate. 

• 
23.3 

0 
+  59 

28.6 

In.      mm. 
2.0  =  51 

R 

In.     mm. 
1.6  =  41 

e  Cassiopeise  .  .  . 

3-3 

1855.0 

I 

44 

4 

+  62 

57.3 

T 

3.8    97 

L 

3.3      84 

BD  +  66*  213    ... 

4.7 

1855-0 

2 

17 

12 

+  66 

44.6 

T 

I.I     28 

L 

1.2      30 

Dreyer  457     .... 

•      •     • 

1860.0 

I 

10 

20 

+  57 

35 

B 

0.8    20 

R 

i.o    25 

Dreyer  581  =  M  103 

•     •     • 

1860.0 

I 

24 

0 

+  59 

58.5 

B 

2.3    58 

R 

2.2      56 

Dreyer  663 

•«     •     • 

1860.0 

I 

36 

29 

+  60 

323 

i  « 

2.6    66 

R 

3.2      81 

I'    I  ■  r  ■ 

I    '-'    ' 
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PLATE  9 

REGION  NEAR  THE  DOUBLE  CLUSTER  OF  PERSEUS 

(Top  is  north)  (Scale:  i  cm.  =46'.5) 

1855.0  a  1"  58'"        S  +  57'.o 

1893  November  3  Exposure  5"*  o" 

The  region  around  the  clusters  H  VI  33,  34  Persei  (Dreyer  869  and  884)  is 
curiously  marked  by  vacancies,  especially  to  the  west.  There  is  a  clustering 
tendency  among  the  stars  at  various  points  on  the  plate,  especially  about  three 
degrees  above  33  and  34,  where  a  feeble  imitation  of  the  double  cluster  appears. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

d  Cassiopeise    .  . 

BD  +  49*  444    ... 
E  Cassiopeiae  .  .  . 
Dreyer  663     .... 
Dreyer  869     .... 
Dreyer  884     .... 

3.0 
4.1 
3-3 

•  •      • 

•  •     • 

•  •      • 

h        m            ■                      0             / 

1855.0     I     16    23.3         +59    28.6 
1855.0    I     34    36.0         +49    57.6 
1855.0    I     44      4            +62    57.3 
1860.0    I     36    29            +60    32.3 
1860.0    2      9    15            +56    30-1) 
1860.0    2     12    35            +56    28.0) 

In.      mm.                                   In.     mm. 

T    2.1  =  53                R    0.4  =  10 
B    0.6     15                 R     1.2    30 
T    0.4     10                 R     2.4    61 
T     1.7    43                 R     1.8    46 

T    3.8    97                L     2.3    58 
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PLATE  11 


IH  PERSEUS 


Top  is  north)  (Scale:  i  cm.=36'.5) 

1855.0  ex  2*»  48»        S  +  53^2 
1894  Angoat  9  Exposure  3^  15* 


This  plate  was  exposed  for  the  purpose  of  securing  trails  of  the  Persseid 
meteors.  One  trail  of  a  very  bright  and  almost  stationary  meteor  was  obtained* 
It  is  shown  in  the  upper  part  of  the  plate.  This  is  a  regfion  of  compaiativdy 
few  stars.  The  sky  in  the  western  portion,  however,  is  covered  with  gfreat  qvaob^ 
titles  of  very  small  stars,  which  apparently  increase  in  number  towards  the  ricb 
region  near  the  double  cluster.  The  clustering  of  bright  stars  southeast  of 
is  very  marked. 

There  is  no  diflFused  nebulosity  on  the  plate  and  the  backgpround  should 
uniformly   dark.     The   several   large,  difiused,    luminous    regions   are   thercfiire 
defects  in  the  reproduction — especially  to  the  western  edge  of  the  plate. 


Identification  of  Stars,  Etc 


Object.                    Ma^  Place. 

'  h  at  4 

r  Feiaei 3.2  1855.0  2  54  20.0 

Meteor 1855.0  2  55 

Very  small  cluster  1855.0  3  4  50 

cz  Persct 2.0  1855.0  3  13  59.4 

Dfeycr  S84 1860.0  2  12  35 


Diolance  from  Bdge  of  Plate. 


+52 

1 
56.0 

t 

la. 
4.1  = 

nna. 
:I04 

L 

.1^ 
3.1= 

=7» 

+  57 

50 

T 

0.9 

23 

L 

3.2 

81 

+  416 

39 

B 

0-5 

13 

L 

1.8 

46 

+49 

20.7 

B 

2.4 

61 

I* 

0.9 

23 

+  56 

28.0 

t 

1.6 

41 

R 

a^ 

5 

Defects 

Description.  Distance  from  Edge  of  Plate. 

la.        10.1U. 

Small,  irregular,  light B    4.  i  =  104 

I 

Small,  irregular,  light T    4.3     109 

Sniail.  round,  light 1     B    3.6      91 

I 


la. 

iiua. 

L 

3.0  = 

=  7^ 

L 

2.9 

74 

h 

0.2 

5 
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PLATE  12 


IN  ERIDANUS 


(Top  is  north)  (Scale;  i  cm  =  37'. 7) 

1855.0  a  3'»  8°        8'  28'.9 

1894  November  2  Exposiue  3''  0° 

This  is  one  of  four  photographs  of  this  region  made  in  a  search  for  Brueia  (323) 
which  was  not  found.  An  ephemeris  of  the  planet  was  supplied  me  by  Professor 
Lewis  Boss.  It  is  a  region  of  few  stars.  There  is  no  diffused  nebulosity  on  the 
plate,  and  the  background  should  be  uniformly  dark. 

Near  CD  —24°  1387  is  —24°  1388  (g^^g)*  This  star  is  shown  on  the  plate 
0.05  inch  south  and  0.05  inch  east  of  1387,  but  is  very  faint.  It  is  probably  red 
or  variable.  Plates  on  1894,  October  4  and  5  and  November  6  do  not  show  any 
sensible  change  in  it. 


Identification  of  Stars,  Etc 


Object. 

Mag. 

m 

43 

Place. 

Distance  from 

Edge  of  Plate. 

CD -32"  1025     .   .   . 

4.5 

1875.0 

h 

2 

s 

51-9 

0 
-32 

56.1 

B 

In.      mm. 
0.9  =  23 

In.      mm. 

R    0.4=10 

CD -24'  1387    .   .   . 

4.1 

1875.0 

2 

56 

53.0 

-24 

6.6 

T 

0.2         5 

R    2.0    51 

CD -29"  1177    .   .  . 

3.6 

1875.0 

3 

6 

46.3 

-29 

28.7 

B 

3.1     79 

R    3-4    86 

00-25"  1452    .  .  . 

6.9 

1875.0 

3 

27 

3.0 

-25 

2.1 

T 

0.9    23 

L    0.8    20 

..•.   •■ 
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PLATE  13 

IN  TAURUS 

(Top  is  north)  (Scale :  i  cm.  =  35'.3) 

1855.0  a  3>»  35"»        (5  +  27'.o 
1893  December  i  Exposure  4'*  o" 


This  reproduction  is  unsatisfactory  and  can  be  used  only  for  the  stars.  The 
luminous  regions  near  the  Pleiades  are  partly  unreal  and  must  not  be  confused 
with  the  exterior  nebulosities,  which  are  well  shown  on  Plate  15.  The  nebulosity 
about  BD  +  25°  624  is  real,  while  thos.e  about  BD  +  23°  473  and  below  the  Pleiades 
to  the  edge  of  the  plate  are  false.  There  are  a  number  of  small  defects,  some  of 
which  are  cared  for  in  the  list  of  defects.  One  of  these  destroys  the  image  of 
BD+22°53i. 

The  almost  uniform  bed  of  stars,  which  covers  most  of  the  plate,  ends  rather 
abruptly  at  a  blank  region  (in  the  upper  part  of  the  picture)  which  extends*  south 
and  west  from  o  Persei. 

A  considerable  meteor  trail  is  shown  near  the  right  edge  of  the  plate,  directed 
toward  the  cluster,  and  passing  over,  or  close  to  the  stars .  BD  +  28^  529 
and  +  27°  513. 


■ 

Identification 

OF  Stars,  Etc. 

Object. 

Mag. 

Place. 

Distance  from  K<ige  of  Plate. 

BD4-28'529  .  .  . 

9.0 

1855.0 

h 

3 

m 
16 

■ 
15.1 

0 
+  28 

12.5 

t 

In. 
25  = 

mm. 
=  64 

R 

Ib.      mm. 
0.6=15 

BD  +  27*5I3  .  .  . 
BD  +  27'5i4  .  . 

8.0 
8.0 

1855.0 
1855.0 

3 
3 

22 
22 

14.2 
19. 1 

+  27 
+  27 

12.9^ 
13.2  i 

t 

3.2 

81 

R 

1.5      38 

BD  +  27*5I5  .  .  . 

5.7 

1855.0 

3 

22 

35.8 

+  27 

3.8 

T 

3-3 

84 

R 

1.5      38 

BD  +  23'473..  . 

6.2 

1855.0 

3 

25 

53.2 

+  23 

59-2 

B. 

2.2 

56 

R 

2.0     51 

BD  +  22*53i  .  .  . 

8.7 

1855.0 

3 

33 

33.1 

+  22 

24.8 

B 

I.I 

28 

L 

3.4    86 

BD  +  22'532  .  .  . 

7.5 

1855.0 

3 

33 

44.6 

+  22 

19.6 

B 

I.I 

28 

L 

3.4    86 

0  Persei 

3.8 

18550 

3 

35 

16.2 

•    +31 

49.6 

T 

0.1 

3 

L 

3.3  ^84 

BD  +  25*624  .  .  . 

6.0 

1855.0 

3 

41 

35.0 

+  25 

8.8 

B 

3.0 

76 

L 

2.2    56 

C  Persei  .... 

3.0 

1855.0 

3 

45 

2.0 

+31 

27.6 

T 

0.3 

8 

L 

1.9    48 

Dreyer  1333  •  • 

•     •     • 

1860.0 

3 

20 

41 

+  30 

53.5 

T 

0.7 

18 

R 

1.2    30 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Irrecfular.  licrht 

In         mm                                             In.      mm 

B    1.7=43                   R    1.0=25 
B     1.2     30                       R    3.2     81 
B     1.0    25                      L     2.5    64 
B     I.I     28                      I^     2.2    56 
B    0.6     15                      L.    0.8    20 

Two  irregular,  light  spots 

Two  or  three  irregular,  light 

Small,  luminous     

Small,  irregular,  light 

Ti'.K   Ni-'.V  V'.K 
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PLATE  14 

THE  PLEIADES 

(Top  is  north)  (Scale :  i  cm.  =  24'.5) 

1855.0  a  ^^  38"        d  +  24'.o 
1895  September  30  Exposure  o**  20™ 

The  reproduction  is  unsatisfactory.  The  photograph  was  made  in  strong 
moonlight.  It  should  be  studied  in  connection  with  Plate  15,  as  it  shows  the 
stars  that  are  missing  in  that  photograph  of  the  cluster.  The  Merope  nebula  is 
well  shown,  strongly  resembling  the  view  one  gets  of  it  in  a  small  telescope. 
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PLATE  15 


THE  PLEIADES,  SHOWING  EXTERIOR  NEBULOSITIES 


(Top  is  north) 

1855.0  (z  3^'  40" 
1893  December  6-8 


(Scale:  i  cm.=34'.2) 
S  +  24'.  o 
Exposure  lo*"  15" 


This  plate,  which  i.s  a  successful  reproduction,  was  made  in  the  negative  form 
to  bring  out  more  clearly  the  exterior  nebulosities.  The  darkening  at  the  lower 
right  corner  is  unreal.  With  the  exception  of  this  and  the  darkening  at  the  left 
side  near  the  star  f  21^585  the  other  dark  markings  are  real  nebulosities.  See 
A.  N,  186,  193,  1894. 

For  the  individual  stars  of  the  cluster  see  Plate  14. 


Identific  \tion 

OF  Stars,  E 

TC. 

Object. 
BD  +  23'473  .  •  .  . 

Mag. 
6.2 

1855.0 

Place, 
h       m           ■ 

3    25    53.2 

+  23 

592 

Distaoce  from  Bdge  of  Plate. 

T 

Id.     mm. 
2.7  =  69 

R 

In       mm. 
1.1  =  28 

BD  +  2o'62i  .... 

6.2 

1855.0 

3    36      3-4 

+  20 

28.0 

B 

0.7       18 

R 

2.7      69 

BD  +  25'624  .... 

6.0 

1855.0 

3    41     350 

+  25 

8.8 

T 

1.9      48 

L 

2.8    71 

30  +  25"  641  .... 

6.6 

1855.0 

3    44    508 

+  25 

14.6 

T 

1.8    46 

L 

2.3      58 

BI)  +  2i'585  .... 

5.0 

1855.0 

3    56      8.3 

+  21 

40.5 

B 

1.6    41 

L 

0.4      10 

BD  +  27''633  .... 

5-1 

1855.0 

3    57    43  7 

+  27 

13.6 

• 

T 

0.5     13 

L 

0.3      8 

PLATE  16 

IN  PERSEUS— NEAR  ^  PERSEI 

Rbgion  of  the  Nebula  Dreyer  1499 
(Top  is  north)  (Scale:  i  cm.  =37'.4) 

1855.0  a^^  47™        5  +  35^9 
1895  September  21  Exposure  6'*  o™ 

This  nebula  was  discovered  visually  by  the  writer  on  November  3,  1885,  with 
the  6-inch  telescope  of  the  Vanderbilt  University  Observatory,  Nashville,  Tenn. 

The  original  negative  shows  it  to  be  a  very  remarkable  object,  made  up  of 
irregular,  but  well  defined  bright  strips  and  masses.  The  small  black  spot  in  the 
nebula  above  the  middle  is  real,  and  is  either  some  kind  of  absorbing  matter  or  a 
hole  in  the  nebula.  It  is  better  shown  on  Plate  17.  See  Ap.  J,  2,  350,  1895. 
There  are  several  small  light  defects  above  and  to  the  right  of  the  star  BD  +36°  805, 
which  are  free  from  the  nebula. 

Attention  has  already  been  called  to  the  vacant  region  in  the  lower  right 
corner  south  of  o  Persei.  (See  Plate  13.)  It  is  probable  that  faint  nebulosities 
might  be  revealed  in  this  region  with  very  long  exposures,  especially  as  there  is 
much  diffused  nebulosity  about  the  star  BD  +31^643,  close  south  of  o  PeneL 
But  part  of  the  luminosity  about  o  is  due  to  halation,  to  which  cause  the  glow 
about  e  and  5  is  due. 


Identification 

OF  Stars,  E' 

TO. 

Object. 

Mag. 

Place. 

Distance  from 

Edge  of  Plate. 

0  Persei 

3.8 

h       m            ■ 

1855.0    3    35     16.2 

+  3*1    49.6 

B 

In.      mm. 

2.1=53 

R 

In.     mm. 
1.6  =  41 

C  Persei 

3.0 

1855.0    3    45      2.0 

+31    27.6 

B 

1.9    48 

R 

2.9     74 

E  Persei 

3-2 

18550    3    48  '    9  I 

+  39    35.4 

T 

1.3    33 

I. 

3-3    84 

4  Persei 

4.2 

1855.0    3    49    33-8 

+  35    22.8 

T 

4.0  102 

Lr 

3^1    79 

BD  +  36'8o5  .... 

7.5 

1855.0    3    51    45.0 

+  36    35-6 

T 

3.2    81 

L 

2.8    71 

Defects 


Deacription 

B 
B 

Distance  from  Edge  of  Plate. 

Long  scratch 
Small,  light  . 

In.        mm.                                            In.      mm. 

2.6  =  66                      R     1.5  =  38 
1.2     30                      h     2.0    51 

•  K 


I  ■■  \T 


PUdi.i ■    '' 


^>~  C      ' 


.-      -^      a-.O 


N« 


PLATE  17 


THE  NEBULA  DREYER  N.  6.   C.  1499 


(Right  is  north) 

1855.0  a  a*"  50 
1895  September  21 


(Scale:  i  cm.  =  19'. 3) 
Exposure  6''  o* 


^m 


This  is  an  enlargement  of  Plate  16  and  shows  the  nebula  to  better  advantage. 
It  lies  on,  and  partly  forms,  the  very  definite  border  between  a  rich  region  of  stars 
and  a  very  poor  one. 

A  photograph  of  this  nebula  by  Dr.  Roberts  {Celestial  Photographs^  by  Isaac 
Roberts,  2,  Plate  22),  shows  it  to  be  a  very  extraordinary  object. 


Identification 

OF  Stars,  Etc. 

Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

BD  +  33*698  .... 

4.8 

h        III              ■ 

1855-0    3    33     13.0 

0       / 
+  33   28.6 

B 

In.      mm. 
0.4=10 

R 

In.         mm. 
0.0=       0 

BD  +  36'*742  .... 

5-5 

1855.0     3     35     lO.O 

+  36     0.3 

t 

3.0      76 

R 

0.5         13 

^Persei 

4.2 

1855.0    3    49    33-8 

+35    22.8 

B 

2.8    71 

R 

4.1       104 

BD  +  36'8o5  .... 

7.5 

18550    3    51    45-0 

+  36    35-6 

T 

2.2      56 

L 

3.5        89 

30  +  37"  882  .  .  •  • 

5.5 

1855.0    3    58    58.0 

+  37    40.1 

t 

0.7      18 

L 

1.8      46 

Defects 


Description. 


Distance  from  Edge  of  Plate. 


Irregular,  white 


In.      nun. 

T    0.8  =  20 


In.       mm. 

L    33  =  84 
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PLATE  18 

REGION  OF  THE  HTADES 

(Top  is  north)  (Scale:  i  cm.  =36'.8) 

1855.0  a4>»  23«»        d  +I7^4 
1893  December  9  Exposure  2^  o" 

There  is  no  diffused  nebulosity  on  this  plate  and  the  background  should  be 
uniformly  dark.  The  luminosity  about  Aldebaran  is  a  halation  effect.  In  the 
upper  left  portion  of  the  plate  is  the  beautiful  scattering  cluster  Dreyer  i647. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate.  . 

BD  +  2l'642  .... 

4.3 

1855.0 

h 

4 

m 
16 

44.0 

0 
+  21 

ss.'i 

T 

In.      mm. 
0.5=13 

In.     mm. 

R    2.1=53 

BD  +  I7"7I9  .... 

4.7 

1855.0 

4 

17 

7.2 

+  17 

35.6 

T 

3.2      81 

R    2.2    56 

Aldebaran  .... 

I.I 

1855.0 

4 

27 

36.1 

+  16 

12.9 

B 

3.4    86 

L     2.8    71 

BD+I2'6i8  .... 

4.0 

1855.0 

4 

30 

4.4 

+  12 

13.1 

B 

0.9    23 

h    2.4    61 

Dreyer  1647  .... 

•      •      • 

1860.0 

4 

37 

55 

+  18 

48.6 

T 

2.4    61 

L    1.3    33 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Trail-like     

In.      mm.                                           In.     mm. 

B    1.7=43                    R    2.4=61 
B    3.8    97                      R    3.8    97 

White,  trail-like 

■ 

Till. 
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PLATE  19 


REGION  NEAR  rj  AURIGiE 


(Top  is  north) 

1855.0  a  4*'  52« 
1895  September  17 


(Scale:  icm.  =  39'.4) 
^  +  4o'.9 
Exposure  4**  20"" 


There  is  no  diflfused  nebulosity  on  this  plate.  The  luminous  region  near  the 
lower  right  corner  is  a  defect. 

Eta  AurigSB  is  in  a  very  rich  region  of  considerable  stars,  which  thins  out  and 
becomes  very  poor  in  the  lower  right  quadrant,  while  a  similar  thinning  out  occurs 
in  the  upper  right  part  of  the  plate,  above  the  cluster  Dreyer  1664  ^.nd  especially 
close  east  of  the  star  BD  +  43°  1166. 


Idkntipication  op  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

BD +  43*  1043     •  .  . 

5-7 

1855.0 

h 

4 

m 
32 

s 

37-9 

+  43 

4.9 

T 

In 
1.7  = 

mm. 

=43 

R 

In. 
0.4  s 

mm. 
=  10 

30  +  37**  1005    .  .  . 

5.7 

1855.0 

4 

49 

25.2 

+  37 

40.2 

B 

2.1 

53 

R 

2.8 

71 

BD  +  43*  I166     .  .  . 

Var. 

1855.0 

4 

51 

34.6 

+  43 

36.2 

T 

1.4 

36 

L 

3.6 

91 

^Aurigse 

3.4 

1855.0 

4 

56 

21.2 

+  41 

2.4 

T 

31 

79 

I< 

3.1 

79 

BD  +  38'  1063    .  .  . 

5.2 

1855.0 

5 

3 

31.3 

+  38 

18.3 

B 

2.5 

64 

L 

2.1 

53 

CapeUa 

i.o 

1855.0 

5 

5 

58.6 

+  45 

50.6 

T 

0.0 

0 

L 

2.0 

51 

Dreyer  1664   .... 

•     •     • 

1860.0 

4 

41 

2 

+  43 

26.7 

T 

1.5 

38 

R 

1.8 

46 

Dreyer  1912  =  M  38 

•     •     • 

1860.0 

5 

19 

17 

+  35 

42.4 

B 

1.0 

25 

L 

O.I 

3 

PLATE  20 


REGION  OF  THE  GREAT  NERULA  OF  ORIOR 


(Top  is  north) 

1855.0  a  5'»  28' 
1894  Ck:tober  3 


(Scale :  1  cm.  =  36'.2) 
S  -  5'.o 

Exposure  2^  o^ 


The  plate  was  intended  to  show  certain  features  which  are  lost  in  the  repro* 
duction.  It  shows  well,  however,  the  clustering  of  small,  bright  stars  in  the 
region  of  the  belt  and  the  nebulosity  about,  and  to  the  south  of,  S  OriontaL  It  will 
be  noticed  that,  though  there  are  a  number  of  small,  bright  stars  near  the  nebula, 
the  fainter  ones,  shown  elsewhere  over  the  plate,  seem  to  have  disappeared  close 
to  the  nebula. 


iDKNTinCATlON  OF  STARS,   ETC. 


Object. 

Mag.                                        Place. 

IMstencc  front  Bdsc  of  Ftete» 

Rigel 1 

BD-2'  1235  ....       3.7 

COrionis 2 

Saiph i    2i 

Dreyer  2068  =  M  78      ... 

h        m           S                      •             /                         iB.      mm.                                  I&      WKMrn 

1S55.0    5      7     33.7          -8    22.1         B    2.1=53                B.    0.1=  3 
1855-0    5    17     12. 1          -2    31.9    1    T    1.9    48                a    1.7    43 
1S55.0    5    33    26.6          -2      1.8    .    T    1.5    38               L    2.7    69 
1855.0    5    40    53-2          -9    44.2        B    1.3    33                L     1.5    38 
1860.0    5    39    34             -0      0.3        T    0.2      5                L     1.7    43 

1 

Dbfbcts 

Deficription.  Distance  from  Bdge  oi  Plate. 

I 

In-      mm.  In. 

White,  star-Uke B     1.7=  43  R    2.7  =69 

Short,  white,  trail-like B    3.2      81  R    2.7      69 

Small,  black  spot  (close  n.  f.  small  star  in  the 
nebula) B    3.95  100  R    3.25    83 

Small,  white,  irregular B  3.2  81  L  3.2  81 

Small,  white,  irregular T  3.0  76  I4  1.4  3^ 

White,  star-like B  2.5  64  L  1.4  3^ 

Light,  broken  spot  (close  s.  f.  a  star) T  3.25  83  h  0.2  5 
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PLATE  21 

REGION  OF  a  ORIONIS 

(Top  is  north)  (Scale:  i  cm.  =  37'. 7) 

1855.0  «5*'  44"        5  +  8'.o 
1893  October  17  Exposure  3'*  o« 

The  plate  has  been  printed  too  light — especially  in  its  upper  part,  except  the 
upper  right  corner  which  is  too  black.  The  luminous  region  south  from  a?  Orionls 
is  partly  real.  The  western  side  of  it  from  o),  south,  for  2  degrees  is  a  portion  of  the- 
great  curved  nebula  that  runs  over  a  large  part  of  the  body  of  Orion.  At  the  7.8 
magnitude  star  BD  +  2°  1040,  the  nebula  turns  abruptly  east  for  half  a  degree,  and 
then  runs  south  again  beyond  the  limits  of  the  print.  Therefore,  only  a  small 
portion  of  the  luminosity  is  a  defect — that  part  about  one  half  a  degree  square 
and  about  i  degree  south  and  east  of  co.  On  the  original  photograph,  this  extraor- 
dinary nebula  is  fairly  well  shown  for  a  distance  of  about  7  degrees  to  the  edge 
of  the  negative.  For  an  account  of  this  remarkable  nebula,  see  Ap.  J.  17,  77,  1903. 
The  defective  part  occurs  only  in  a  portion  of  the  edition,  where  the  prints  were 
made  too  light. 

There  is  a  short  prong  of  nebulosity,  quite  noticeable  in  the  picture, -running  . 
from  the  north  side  of  co  itself. 

The  sky  becomes  very  rich  north  of  a  Orionis  and  a  dark,  irregular  lane. will 
be  seen  about  i  degree  west  of  it. 

Identification  of  Stars,  Etc 


Object. 

Mag. 

Place. 

Distance  from  Edge  of 

Plate. 

32  Orionis    .... 

5.5 

1855.0 

h       m 

5    23 

■ 
2.0 

e 

+  5 

50.0 

B 

In.     mm. 
3.2  =  81 

R 

In.      mm. 
0.4=10 

A.  Orionis 

3-5 

1855.0 

5     27 

9-9 

+  9 

49.5 

T 

2.3      5B 

R 

I.I      28 

a?  Orionis  ..... 

5.0 

1855.0 

5    31 

34.0 

+  4 

1.8 

B 

2.0      51 

R 

1.8    46 

BD  +  2*  1040  .... 

7.8 

1855.0 

5    34 

45.5 

+  2 

19.1 

B 

0.9      23 

R 

2.3    5B 

a  Orionis 

Var. 

1855.0 

5    47 

20.3 

+  7 

22.7 

T 

3-9    99 

L 

2.9    74 

^l  Orionis 

5.0 

1855.0 

5     54 

25.0 

+  9 

38.6 

T 

2.5    64 

L 

1.8    46 

•  I 


Defects 


Description. 

Distance  from  Edge  of  Plate. 

Light,  irregular  defect — like  a  small  cluster 

Id. 

Narrow,  light  mark,  0.4  long 

Id.      mm.                                           In       mm. 

B     1.1  =  28                      R     2.6  =  66 
T     1.9    48                      L    3-4    86 
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PI.ATE  22 

IN.  GEMINI— NEAR  H  85 

(Top  is  north)  (Scale:  i  cni  =  37'.7) 

1855.0  a  6^  6^        6  +  25^o 
1894  February  i  Exposure  2**  10™ 

BVom  the  immediate  region  of  M  35  a  large  cloud  of  very  small  stars  extends* 
to  the  north  and  west,  occupying  the  upper  right  quadrant  of  the  plate.  In  some 
of  the  prints  the  upper  part  of  this  cloud  is  too  luminous — a  defect  which  has 
occurred  in  the  reproduction,  due  to  light  printing,  but  which  need  deceive  no 
one.  A  less  dense  region  covers  the  east  half  of  the  picture.  The  upper  parts  of 
these  two  regions  are  separated  by  a  darker  wedge-shaped  space. 

M  35  appears  to  cover  at  least  one  degree  of  the  sky  with  its  scattered  out- 
Hers.  Though  the  cluster  is  made  up  in  general  of  larger  stars  than  occur  here, 
which  would  suggest  that  its  apparent  connection  with  the  Milky  Way  was  acci* 
dental,  one  gets  the  impression  that  it  is  really  connected  with  this  part  of  the 
Milky  Way. 

The  7.7  magnitude  star  +20°  1284  is  apparently  in  the  center  of  the  nebula 
Dreyer  2174,  but  this  may  be  an  efifect  of  projection.  The  nebula  itself  has  much 
detail  in  it  which  is  not  shown  in  the  reproduction. 


• 

Identification  of  Stars,  Etc 

Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

60  +  25**  1052    .  .   . 

5.2 

h        m           ■                         0             / 
1855.0      5      49      0.4               +25      55.8 

T 

In        mm. 
2.9  =  74 

R 

Ib.     mm. 
1.1  =  28 

30  +  20"  1284    .  .   . 
Dreyer  2174 

7-7 

1855.0      61         2.1               +20      30.8  J 

Involving  the  above  star                 ) 

B 

1.5      38 

R 

2.8    71 

y  Geminorum   .  . 

4.3 

1855.0    6  20    22.2          +20    18.2 

B 

1.4      36 

I. 

1.4  36 

Dreyer  2168  =  M  35 

•     •     • 

1860.0    6    0    13             +24    20.7 

t 

3.9    99 

R 

2.8    71 
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PLATE  23 


IM  GEMINI— REGION  OF  M  35  (ENLARGED) 


(Top  is  north) 

1855.0  a:  6*»  o" 
1894  February  i 


(Scale:  icm.  =24'.5) 
Ezposare  2*  io» 


This  is  an  excellent  reproduction  and  is   free   of  defects.     It   shows   more 
clearly  than  Plate  22  the  probable  connection  of  the  cluster  with  the  Milky  Way. 


Identification  of  Stars,  Etc 


Object 

Mag. 

Place. 

1 
BD  +  25'  1052    .  .  .  , 

5-2 

1855.0     5     49    0.4 

+  25    55!8 

In.       mai.                                In.      mm. 

T     1.8=46                R    0.6=15 

Tf  Geminortim    .  . 

3.0 

1855.0    6     14  13.4 

+  22    34.8 

B    2.7    69                L     0.4    zo 

Dreyer  2168  =  M  35 

•      ■      • 

1860.0    6      0  13 

+  24    20.7 

T    3.5    89                R    3.0    76 

THE  r!E\v  v-RK 
PUBLIC  LIBHARY 

MTOR.  LENOX    *NB 
TltDvN    FOUN0»TlOH8 


PLATE  24 
IN  ORION 


(Top  is  north) 


(Scale:  I  ciii.=37'.2) 
1855.0  a  6^  4"        ^  +  i2*.o 
1893  October  12  Ezposare  4^  lo* 


The  luminosity  about  and  south  of  a  Orionis  is  not  real.  That  along  the  left 
edge  of  the  plate  is  also  unreal  and  destroys  the  eflfect  of  some  of  the  dark  regions. 
The  prints  have  been  made  too  light. 

This  part  of  the  sky  is  rich  in  small  stars,  with  a  scattering  of  brighter  ones. 
Some  dark  spaces  occur  near  a  Orionis.  Near  the  left  edge  of  the  plate  is  a  dark 
channel  which  runs  north  and  south  for  lyi  degrees  or  more  and  somewhat 
resembles  the  one  north  and  west  of  a  Orionis. 


Identification  of  Stars,  Etc. 


Object. 

Mftg. 

Place. 

Distance  from  Edge  of  Plate. 

a  Orionis 

BD+M*  1152    .  .  . 
Drcyer  2194  .... 
Dreyer  2245  .... 

Var. 
4.6 

... 
•  *  . 

h        m             ■                       e              # 

1855.0    5    47    20.3         +  7    22.7 

1855.0    5    59    17.9         +19    46.9 
1860.0    6      5    55            +12    50.5 
1860.0    6    24    58            +10    15.5 

In.      mm                                  In.      mm. 

B    1.5=38               R    0.9=23 
T    2.4    61                R    2.8    71 

T    3.7    94                L    3.1    79. 
B    3.2    81                 L    0.3      8 
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PLATE  2S 
IH  OBION 

CTopuuottb)  (Scale:  icm.=36'.8) 

1855.0  a6»  6-       a  +i5°-5 
1893  October  11  ExpoiDre  i*  35" 

The  small  stars  assume  more  or  less  of  cloud  forms  to  tbe  west  and  north  of 
y  Oemlnorum.  The  longer  exposure  of  Plate  24,  shows  the  dark  structures  better. 
As  an  illustration,  in  Plate  24  three  degrees  above  the  nebula  Dreyer  2245,  near 
the  left  edge  of  the  plate,  is  an  irregular,  fairly  well  defined  dark  lane.  This  does 
not  appear  in  the  present  plate,  because  not  enough  faint  stars  are  shown  to  reveal 
its  outlines.  At  the  same  time,  the  general  structure  that  does  not  depend  on 
very  small  stars,  is  well  shown. 


Identipication  of  Stars,  Etc. 


Obltct. 

BD  +  I4'II53    .  .  . 

M>I. 

Place. 

DUUnce  from 

Sdccol  Plate. 

4-6 

1855-0    5    59 

17.9 

+  1*4    46'9 

B 

3.8  =  97 

R    its  ="64 

y  Gemlnornm   .  . 

4.6 

1855.0    6    30 

a  J.  a 

+  30     18.1 

T 

0.6     15 

L    1.7    43 

y  Gimlnorum  .  . 

a.  I 

1855.0    6    39 

ai.4 

+  16    31.3 

T 

3-0     76 

L    aa      5 

Dreyer  3174  .  .  -  ■ 

1S60.0    6      I 

+  ao    41.0 

T 

0.5      13 

R    a.8    71 

Drejrer  1195?    .  .  . 

1860.0    6      6 

i» 

+  17    41-0 

T 

31     53 

R    3.3    84 

Dreyer  aa«  .... 

1860.0    6    a* 

58 

+  10    15.5 

B 

0.7     18 

L    1.0    as 

13— L 


PLATE  26 
IN  MONOCEROS— NEAR  DREYER  N.  G.  C.  2287 

(Topisnorth)  (Scale:  icm.=37'.0 

1855.0  «  6"  «"  a  +s°.o 

1894 January  II  Exposures'"  '6" 

The  nebula  Dreyer  2237  is  well  shown  with  its  cluster  of  small  bright  stars. 
This  is  a  region  of  small  stars  in  which  occur  many  curious  dark  lanes,  especially 
in  the  center  and  near  the  left  and  below.  There  is  a  straight  line  of  small  equal 
stars  ij^  degrees  to  the  east  of  the  nebula,  running  nearly  north  and  south  and 
some  20  minutes  long  that  looks  almost  like  a  defect  on  the  plate.  Other  lines 
of  stars,  especially  long  curved  lines,  are  readily  picked  out.  There  is  a  peculiar 
and  irregular  dark  region  3^^  degrees  to  the  east  of  the  nebula. 


Identification  of  Stars,  Etc. 


Obieet. 

Umg. 

PUC. 

Di.l.oce  from  Edge  of  Plate, 

15  Honocerotia    . 
Dreyer  a237  .... 
Dreyer  1345   ■  ■  ■  ■ 

4.0 

1855.0    6    33      0.2        4.0      r.8 
1860.0    6    aa    51           +5      8.5 

1860.0    6    34    58           +10    15.5 

T    o°6="5                 L    i^J^ 
T    3.7    9A                 L    3.3    «4 
T    0.6    15               L    3-5    89 

PLATE  27 

REGION  OF  THE  NEBULA  DRETER  N.  G.  C.  2287  (ENLARGED) 

(Top  is  north)  (Scale :  i  cm.  =  is'.o) 

1855.0  a  6*»  22"»        d  +  5''.o 
1894  January  11  Exposure  3*"  16" 

This  is  an  enlargement  from  Plate  26  and  shows  well  the  nebula  and  its 
immediate  surroundings. 

Though  there  are  a  number  of  curious  condensations  in  the  nebulosityi  one 
feature  brought  out  by  the  plate  (and  one  which  often  occurs)  is  that  in  no  case 
does  the  nebulosity  condense  about  the  stars  that  apparently  are  in  it.  This 
nebulosity  is  readily  seen  in  a  telescope,  but  it  has  the  appearaiice  of  a  broken 
ring  about  the  cluster,  the  real  darkness  of  the  interior  portion  being  accentuated 
in  visual  observations  by  the  presence  of  the  bright  stars.  (See  A.  JV.  122,  253, 
1889.) 


Identification  of  Stars,  Etc 


Object. 

Mag. 

Place. 

DUtance  from  Edge  of  Plate. 

BD  +  4*  1236  .... 

4.9 

h       m             ■ 

1855.0    6     16      4.3 

0 
+  4 

39.9 

Id.       mm.                              la.     aua. 

B    3.6  =91              R    o.x=  3 

BD  +  7**I337  .... 

5.0 

1855.0    6    25      3.7 

+  7 

26.3 

T    0.3        8              L    2.8    71 

BD  +  5''i334  .... 

7.0 

1855.0    6    30    ii.o 

+  5 

4.8 

B    4.0    102              L    0.9    33 
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PLATE  28 


THE  NEBULOUS  REGION  OF  15  MONOCEROTIS 


(Top  is  north) 

1855.0  a  6*"  30' 
1894  February  i 


m 


(Scale:  1  cin.  =  23'.6) 
S  +  io*.o 

Exposure  3"*  o" 


This  is  a  beautiful  reproduction.  It  clearly  shows  the  extended  nebulosity 
about  15  Monocerotis  and  the  small  nebula  Dreyer  2245.,  Near  the  middle  of  this 
latter  nebula  there  are  one  or  two  very  well  defined  small  black  holes. 

The  diffused  nebulosity  about  15  Monocerotis  is  very  remarkable.  It  is  readily 
traced  for  nearly  two  degrees  north  and  south.  There  is  much  detail  in  it  near 
the  brighter  stars,  one  short  curved  mass  being  specially  noticeable  above  the 
brighter  portion.  Strong  indications  of  an  extension  of  the  fainter  nebulosity  can 
be  traced  to  still  greater  distances  south  and  east.  Above  the  nebula  Dreyer  2245, 
is  the  nebulous  star  Dreyer  Index  Catalog  446.  The  nebula  Dreyer  Index  Catalog 
447  should  be  struck  out  of  the  catalog.  It  is  Dreyer  2245  with  a  wrong  position 
given  by  me. 

The  great,  nearly  vacant  region,  beginning  near  the  nebula  and  running  for 
2  or  3  degrees  to  the  west,  and  then  turning  north  for  even  a  greater  distance,  is 
beautifully  .shown. 


Identification  01* 

Stars,  Etc 

Object. 

13  Monocerotis    . 

Mag. 
5.0 

Place. 

h        ni             a 

1855.0    6    25      3.7 

Distance  from 

Edge  of 

Plate. 

0 
+  7 

1 

26.3 

B 

In.      mm. 
2.0  =  51 

R 

Id,      mm. 
1.8  =  46 

15  Monocerotis    . 

4.0 

1855.0    6     33      0.2 

+  10 

1.8 

T 

3-6    91 

Ir 

2.6    66 

C  Geminorum .  .  . 

3-7 

1855.0    6    37      9.6 

+  13 

2.7 

T 

0.6    15 

Lr 

1.6    41 

Dreyer  Index  Cata- 
log 446 

•      •      • 

1860.0    6    23     14 

+  IO 

32.6 

T 

3.2    81 

R 

1.2    30 

Dreyer  2245   .... 

•      •      • 

1860.0    6    24    58 

+  10 

15.5 

T 

3.7    94 

R 

1.2    30 

THE    NEW  Y..:,:< 

PUBLIC  LIBRARY 


A8T0R,  LENOX    AND 
TILDfN    FOUNDATIONS 


PLATE  29 

IN  GEMINI— SOUTH  OF  y  GEMINORUM     • 

(Top  is  north)  (Scale:  i  cm.  =37'.!) 

1855.0  a  6»»  34"        5  +  I3^o 
1894  January  24  Exposure  2**  28" 

Though  not  so  brilliant  and  striking  as  Plate  28,  this  photograph  gives  a  better 
idea  of  the  real  structure  of  the  sky  in  this  region.  Notwithstanding  the  fact  that 
the  exposure  is  over  half  an  hour  shorter  than  that  of  Plate  28,  the  nebulosities 
about  15  Monocerotis  are  distinctly  shoWn  and  the  structure  of  the  dark  region  is 
better  brought  out  by  apparently  a  considerable  increase  of  faint  stars.  These 
fainter  stars,  which  just  elude  Plate  28,  have  materially  changed  the  outlines  of 
the  great  vacancy  in  several  respects — especially  in  the  region  4  degrees  to  the 
northwest  of  15  Monocerotis,  whei-e  dark  zigzag  lanes  now  appear.  It  must  be 
understood  that  the  successful  reproduction  of  a  faint  nebulosity  is  quite  a  different 
problem  from  that  of  faint  stars,  as  in  the  present  case,  where  the  nebulosity  is 
better  shown  in  Plate  28,  and  the  general  structure  of  the  sky  in  Plate  29.  The 
showing  of  the  nebulosity  in  such  a  photograph  is  a  matter  of  transparency  of  the 
sky,  while  that  of  the  faint  stars  is  a  matter  of  definition. 


Idkntipication 

OP  Stars,  Etc 

Object. 

Mag. 

Place. 

Distance  from  Bdge  of  Plate. 

BD  +  7'  1337.   .  .  . 

50 

1855.0 

h 

6 

m 
25 

f 
3.7 

e 

+  7 

26.3 

B 

In.       min. 
0.6=15 

R 

IB.      aw. 
2.0=51 

y  Geminorum  .  . 

2 

1855.0 

6 

• 

29 

21.4 

+  16 

31.3 

T 

1.8    46 

R 

2.8    71 

15  Monocerotis    . 

4.0 

1855.0 

6 

33 

0.2 

+  10 

1.8 

B 

2.3    58 

R 

3.3      84 

C  Geminorum    .  . 

37 

1855.0 

6 

37 

9.6 

+  13 

2.7 

T 

4.0  102 

L 

3.1    79 

BD  +  16''  1298  .  .  . 

6.5 

1855.0 

6 

41 

29.6 

+  16 

22.1 

T 

1.9    48 

L 

2.5  64 

BD  +  I3**  1462   .  .  . 

5.3 

1855.0 

6 

46 

27.7 

+  13 

21.8 

B 

4.4    "2 

L 

1.7    43 

Dreyer  2245  .... 

•     •     • 

1860.C 

6 

24 

58 

+  10 

15.5 

B 

2.3      58 

R 

1.7    43 
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PLATE  30 
IN  CANIS  MAJOR— SOUTH  OF  SIRIUS  (NEAR  M  41) 

(Top  is  north)  (Scale;  icni.  =  37'.i) 


18550 
1894  October  4 


Exposure  o''  30" 


Most  of  the  stars  in  M41,  uear  the  center  of  the  plate,  are  larger  than 
average  in  this  region,  which  might  give  the  impression  that  they  are  not  a  c 
densation  from  the  general  background  of  small  stars  here.    The  star  00  —  23"  31 
is  surrounded  by  a  thin  clustering  of  small  stars  that  look  suspiciously  as  if  tl 
belong  to  it. 


Identipication  of  Stars,  Etc. 


Object. 

MHg, 

Pi««. 

Dlstucc  from  Hdte  of  Plate. 

^  Canis  HajarlB . 

3 

1855.0    6     16     18.9 

-17 

53-3 

T    a.o  =  5i                 R    0.1=   3 

Sirius 

I 

1855.0    6    38    44.6 

-16 

31.6 

T     r.o     25                 R    3-S    89 

CD-»3*399i    ■  .  ■ 

4.5 

1875.0    6    26    39.1 

-33 

19-9 

B    1.4    61                  R     1.6    41 

S  Canis  HajoriB  . 

3.1 

1875.0    7      3    "9-0 

-26 

12.0 

B    0.5    13               I,    0.3      8 

Dreyeraa87  =  M4t 

1860.0    6    41      0 

-ao 

36.0 

T    3.6    91                R    3.7    94' 
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PLATE  31 


IN  MONOCEROS 


(Top  is  north) 

1855.0  a  6^  46" 
1895  September  24 


(Scale:  i  cm.  =  36'. 2) 
Exposure  2*»  o" 


The  luminous  places  near  the  right  edge  of  the  plate  and  near  the  bottom  are 
unreal. 

There  is  considerable  structure  in  the  form  of  vacant  lanes,  especially  near 
the  left  side  of  the  plate  where  the  stars  are  very  small  and  thickly  strewn. 
Apparently  there  are  fewer  stars  and  larger  ones  near  the  middle,  but  this  may  be 
due  to  the  plate  having  possibly  been  slightly  within  the  focal  plane. 


Identification  of  Stars,  Etc. 


Object. 

.  •  . 

Mag. 
6.1 

Place. 

Distance  from  Edge  of  Plate. 

BD  -  2**  1776  . 

h        m            a 

1855.0    6    41     58.2 

0         / 
-2      6.6 

In.     mm.                                  In.     mm. 

T    2.5  =  64                R    2.0=51 

BD-4'I78B  . 

.  .  • 

5.0 

1855.0    6    55    42.9 

-4      2.0 

B    3.0    76                 h    1.7    43 

Dreyer  2301  . 

.  •  « 

•  .  • 

1860.0    6    44    35 

+0    32.7 

T    0.7     18                R    2.4    6x 

Dreyer  2323  = 

M50 

.  .   . 

1860.0    6    56     13 

-8      8.8 

• 

B    0.3      8                L     1.6    41 

Defects 


Description . 

Distance  from  Edge  of  Plate. 

Lone,  white  scratch 

In.        mm.                                          In.      mm. 

B     1.8  =  46                      L    0.5  =  13 

»  .a 

i 
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PLATE  32 


IN  GEMINI  — NEAR  CASTOR  AND  POLLUX 


(Top  is  north) 

1855.0  a  7^  25 
1895  April  16 


(Scale:  icm.=36'.9) 

S    +32'*.2 

Exposure  2*»  o" 


There  is  not  much  of  interest  in  this  plate.  But  there  are  narrow  vacant 
lanes  in  the  region  of  Castor  to  the  west  and  northwest,  and  a  curious  straggling 
line  of  slightl}^  brighter  stars  passing  just  above  Castor  from  the  left  to  the  right 
and  inclining  downwards  to  the  west  for  a  distance  of  4  or  5  degrees.  This  is  a 
rather  curious  feature  when  the  eye  once  catches  it.  If  the  plate  is  held  at  a  large 
angle  to  the  vertical  and  looked  at  from  the  right  side,  the  string  of  stars  becomes 
quite  noticeable  as  a  sinuous  curve  which  passes  just  south  of  p  Geminorum. 


Identification  of  Stars^  Etc 


Object. 

Mag. 

5.0 
1.7 
1.3 

Place. 

Distance  from  Edge  of  Plate. 

BD  +  32'  1562    .  .  . 

Castor 

Pollux     

h       m             a                       e               / 

1855-0    7     19    47.1         +32      4.2 
1855.0    7    25    20.7        +32    11.9 

1855.0    7    36    26.9        +28    22.2 

In.    mm.                                   In.     mm. 

B    3.4  =  86                 R     2.4=61 
B    3.5    89                 L    30    76 

B     1.0    25                 L     1.4    36 

1 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Larcre.  lisrht  soot 

In.       mm.                                          In.      mm. 

T    0.6=15                      ^    .32=58 
B    0.8    20                      L    1.9    48 
T    2.9    74                      L    0.8    20 

Larfire.  li(?ht  SDot 

Small,  luminous  spot 

T»«fi' 


ri'  khi    dA- ■'!':♦!- 


agaii 
does 

smal 


\ 


1*-L 


PLATE  34 

REGION  OF  COMA  BERENICES 

(Top  is  north)  (Scale:  i  cm.  =37'. 7) 

1855.0  a  12*'  14™        <J  +27^.3 
1894  March  9  Exposure  4'*  o™ 

Apparently  there  are  no  nebulosities  connected  with  the  stars  of  this  group, 
though  it  is  a  region  rich  in  nebulae.  The  slender  ray  to  the  left  of  the  middle  is 
Dreyer  4565.     The  slight  inequalities  of  illumination  of  the  background  are  unreal; 


Identification  of  Stars.  Etc 


Object. 

Mag. 

Place. 

Distance  from  Bdge  of  Plate. 

BD  +  24''2443    .  .  . 
BD  +  29*  2275    .  .  . 

BD  +  23''2475    .  .  . 
Dreyer  4555  .... 

Dreyer  4565  .... 

5-3 
5.8 
4.8 

... 
... 

h        m        ■                         0             / 
1855.0      12      9      1.4              +24     46.9 

1855.0      12    10   14.0              +29     45.2 

1855.0      12   27   37.4               +23      25.9 

1860.0      12    28  43                   +27      17.7 

1860.0      12   29   24                   +26      45.5 

In.       mm.                                  In.      mm. 

B    2.8  =  71                R    2.8=71 
T    2.4    61                R    3.0    76 
B    2.0    51                h     1.5    38 
T    3.0    76                L     1.5    38 
B    4.1  104                h     1.4    36 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Large,  light,  irregular  spot 

Short  scratch 

In.        mm.                                        In.       mm 

B    4.3=109                    R    0.7  =  18 
B     2.4      61                     R    2.6    66 
B    2.5      64                    R    3.2    81 
T    2.8      71                     R    3.4    86 
B    3.2      81                     R    3.5    89 

T     1.3      33                    h     3-5    89 
T     I.I       28                    L     2.3    58 

T    3-7      94                    L     1.7    43 
B    4.2     107                    L    0.7     18 
B    3.6      91                    L    0.4     10 

Small,  white  defects  about  a  star 

Small,  light,  irregular  spot    ..." 

Two  small,  white  spots 

Small,  li&rht.  irrecrular 

Large,  light,  irregular 

Luminosity  near  two  small  stars  (other 
patches  near) 

Small,  light,  irregular 

Small,  light,  irregular 

AS^O^--     ' 


^    \         A  ^.  ^ 


-. «: 


PLATE  36 

NEAB  13  SCORPII 

(Top  is  north)  (Scale:  icm.  =37'.!) 

iSss-oir  15"  54"         S  =i8*.i 

1895  May  23  Exposure  3»  ao~ 

Several  diffused  luminous  defects  have  occurred  in  the  reproduction  in  the 
jpper  half  of  the  plate  and  to  the  left  of  6  ScorpU.  The  bright  illumination  abont 
/?  and  S  is  due  to  halation,  while  that  close  about  v  is  partly  halation,  but  the  main 
portion  is  due  to  real  nebulosity  about  this  stat;  which  extends  to  the  north  and 
the  west  as  a  great  wing  for  i}^  degrees.  A  similar  region  of  nebulosity  to  the 
south  and  east  of  the  star  is  lost  in  the  reproduction.  (See  the  upper  right  comer 
of  Plate  36).  In  the  original  negative  this  nebulosity  extends  to  the  east,  to  the 
stars  BD  —19°  4357,  4359  and  4361,  where  it  strongly  condenses  about  the  last 
two,  with  a  thin,  dark  line  close  to  them  on  the  northeast  side.  The  other  star 
(—19°  4357)  is  connected  with  these  two  by  a  thin  nebulous  strip,  and  is  also 
involved  in  the  nebulosity  from  r  ScorpU.  In  the  lower  left  corner  are  the  masses 
of  nebulosity  that  constitute  the  great  nebula  of  p  Ophluehi.  In  the  original 
negative  feeble  traces  of  the  great  nebula  that  extends  from  i5  to  jt  Seor^ 
{Ap,J.  28,  144,  1906),  are  shown,  but  they  are  lost  in  the  reproduction. 

In  the  Astrophysical  Journal^  Vol.  31,  for  1910,  January,  I  have  given  an 
account  of  this  extraordinary  region  with  photographs  and  a  map  showing  the 
remarkable  nebulosities.  In  that  paper  attention  is  called  to  the  fact  that  the 
nebulosity  of  v  ScorpU  actually  cuts  off  the  light  of  the  stars  behind  it,  and  that  it 
must,  therefore,  be  nearer  to  us  than  the  small  stars  of  this  region.  In  the  Intro- 
duction (page  18)  attention  is  called  to  a  small  patch  of  stars  that  is  evidently  a 
portion  of  the  general  background  of  the  sky  here,  seen  through  a  hole  in  the 
nebula.    This  spot  is  located  in  the  identification  list  below. 

This  remarkable  nebula  was  discovered  with  the  ij^-inch  lantern  lens. 


Identification  of 

Stars,  Et 

C. 

Object. 

M«8. 

Plice 

Diau 

«fro» 

Edit  ol  put.. 

BD- IS"  4303    . 

5.0 

18550   15 

30      5-4 

-■3    51.5 

T 

0.4  = 

lo 

R     3.0=  7* 

/SScorpii  .  .  . 

1855 

0  15 

56    599 

-19    34.3 

B 

3-7 

94 

L    3.4      »6 

BD-i8°4J4o    . 

7-5 

1855 

0  16 

0    391 

-18    36.4 

T 

33 

89 

L    1.8      71 

BD- 17°  450a    . 

6-5 

1855 

0   16 

I    34.4 

-17    57-1 

T 

3-1 

79 

L    3,7      69 

vScorpil  .  .  . 

4-5 

■85s 

0  16 

3    33.9 

-  19      4-4 

B 

40 

L    a.4      61 

BD-17°45"    - 

7-3 

■855 

0   16 

3    40-6 

-17     5I-0 

T 

3-0 

76 

L    3.4     61 

BU- 18°  4349    ■ 

6.5 

1855 

0  16 

6     17.7 

-  18      9.4 

T 

3.1 

Si 

L    1.9     48 

Stars   in    hole  i 

nebulosity     . 

185s 

0  16 

lo 

-19     15 

B 

3-8 

97 

L    1.4      36 

BD- 19"  4337    ■ 

5.0 

1855 

0  16 

10    38.3 

-19    51.5 

B 

3-4 

86 

L    1.3      33 

BD- 19° 4359    ■ 
BD  -  19°  4361    . 

7-7 
7-3 

1855 
1835 

0   16 
0  16 

II     363 

13        0.8 

-19    41-9 
-19    43-7 

(- 

3-5 

89 

L    I.I      38 

5  Scorpii  .  .  . 

3-7 

1875 

0  15 

S3      57.1 

-33    i6.a 

B 

3.0 

SI 

L    41    104 

l>  Ophiuchi  .  . 

4.8 

1875.0  16 

18      6.1 

-33      9.3 

B 

1-3 

33 

L    0.4      10 
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PLATE  36 


REGIOM  OF  THE  GREAT  NEBULA  OF  p  OPHIUCHI 


(Top  is  north) 

1855.0  a  16*  20^ 
1895  Jane  21-^2 


(Scale:  icm.  =44^.6 1 

^    -24*.2 

Exposure  7*^  30* 


I  do  not  think  there  is  any  other  region  of  the  heavens  so  extraordinary  as 
this,  about,  and  in  the  immediate  vicinity  of,  p  Ophiuchi.  One  hesitates  at  any 
attempt  to  describe  it.  Perhaps  even  more  remarkable  than  the  nebulosities  are 
the  vacant  lanes  that  run  eastward  from  the  great  nebula,  and  those  in  the  upper 
part  of  the  plate.  The  considerable  dark  space  2  degrees  northeast  of  r  Seorpii  is 
unreal. 

To  begin  with,  the  glow  about  Antares  and  r  Scorpii  is  due  to  halation  as  is 
also  a  portion  of  that  about  o  Scorpii.  But  a  large  part  of  the  nebulosity  about  o 
is  real;  it  extends  toward  and  joins  the  great  nebula  about  p  OphiuehL  In  the 
upper  right  corner  is  v  Scorpii  and  its  singular  nebulosity  which  is  so.  poorly 
shown  in  Plate  35. 

For  a  better  description  of  this  region,  reference  should  be  made  to  the  Intro- 
duction (page  19)  of  this  work.  It  is  only  necessary  to  say  that  this  remarkable 
region  was  discovered  with  the  Willard  lens,  though  I  had  found  indications  of 
nebulosity  here  many  years  before  in  my  comet  seeking. 


Identification  of  Stars,  Etc 

Object. 

y  Scorpii 

<S  Scorpii 

f)  Ophiuchi  .... 

Antares 

r  Scorpii 

Dreyer  6121  =  M4  . 

Mag. 

4.5 
3.4 
4.8 
1.4 
3.2 
... 

Place. 

Distance  from  Edge  of  Plate. 

h       m         •                       0             / 
1855.0      16      3  33.9               -  19        4.4 

1875.0      16    13   37.2               -25      I7.I 

1875.0     16  18    6.1           -23      9.2 
1875.0     16  21  46.0           -26      8.9 
1875.0     16  28    6.8           -27    57.2 
1860.0     16  15    4              -26     II. 2 

In.       mm.                                   In.       mm. 

T    0.7=18                R    0.8=20 
B    3.6    91                 R    2.1     53 
T    2.8    71                 R    2.6    66 
B    3.2    81                 R    3.1     79 
B    2.2    56                 R    3.9    99 
B     3.1     79                 R    2.4    61 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Light,  curved 

In.       mm.                                            In.      mm. 

B     3.0=76                       R     2.2  =  56 
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PLATE  37 

IN  SCORPIO  — NEAR  e  AND  ju  SCORPII 

(Top  is  north)  (Scale:  icni.  =  37'.4) 

1855.0  a  i6»'  36"»        8  -  35'.2 
1895  June  12  Exposure  i**  55" 

This  plate,  though  in  part  defective,  is  full  of  interest.  The  irregular 
illumination  along  the  right  side  of  the  plate  is  unreal.  With  the  exception  of 
the  definite  dark  region  in  the  upper  right  corner  (which  is  also  a  defect)  this 
would  deceive  no  one.  The  luminous  spot  ij^  degrees  to  the  east  of  Dreyer  6124 
is  a  defect,  as  is  also  the  light  spot  three  inches  from  the  bottom  on  the  left  side. 
There  are  a  few  other  minor  defects  which  are  taken  care  of  in  the  usual  tabula- 
tion.    The  glow  about  m  and  about  e  Scorpii  is  due  to  halation. 

The  patchy  condition  of  the  Milky  Way  in  the  upper  left  quadrant  is  real  and 
very  striking.  The  faint  star  CD  — 34°  11418  (9"^.8)  is  in  one  of  the  black  patchy 
holes.  A  little  more  than  half  way  from  €  Scorpii  to  the  top  of  the  plate  is  a 
curious  horseshoe  shaped  figure  of  small  stars  with  a  brighter  one  near  the  middle. 

The  coarse  cluster  in  16*^  48™,  — 40°.3  does  not  seem  to  be  in  Dreyer's  lists.  It 
is  a  very  interesting  object  and  appears  to  be  connected  by  a  scattering  chain  of 
stars,  with  the  cluster  Dreyer  6231  south  of  it.  In  its  northern  part  is  the  nebula 
Dreyer  2cl  Index  Catalog  4628.  This  was  originally  discovered  on  a  plate  with  the 
Willard  lens,  but  no  announcement  was  made  of  it.  It  is  a  large  nebula  one 
half  degree  in  diameter  and  of  irregular  form  and  brightness.  A  photograph  with 
the  lo-inch  Bruce  telescope  at  Mount  Wilson  in  1905  (June  21)  shows  the  irregular 
group  of  stars  and  the  nebula  very  beautifully.  There  are  still  fainter  portions 
that  extend  half  a  degree  to  the  northeast.  The  nebulosity,  apparently,  does  not 
condense  about  any  one  of  the  stars  and  is  probably  not  actually  connected  with 
the  cluster. 

Identification  of  Stars,  Etc 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate 

CD-34"*II044.   .  . 

B  Scorpii 

PL'  Scorpii 

CD -34'  11418.  .  . 
Very  small  black 
hole 

4.6 

2.3 
3.6 
9.8 

h        m             ■                    0             / 
1875.0      16      23      13.6          -34      25.7 

1875.0     16    42      3.4       -34      3-3 
1875.0     16    43     24.6       -37    49.7 
1875.0     16    54    42.5       -34     12.3 

1875.0     16    55                  -33      5 
1860.0     16     16       I           -40    20.1 
1860.0    16    44     15          -41     33.6 
1860.0     16    46      4          -39     16.2 

1860.0     16    46    44          -40     14 

In.      mm.                                 In.    mm. 

T    3.1  =  79                R    1.3=33 
T    2.8    71                L    2.7    69 
B    2.8    71                L    2.6    66 
T    3.0    76                L    I.I    28 

T    3.0    76                L    1.0    25 
B     1.2    30                R    0.6    15 
B    0.4    10                L    2.5    64 
B     1.9    48                L    2.2    56 

B     1.2    30                L    2.1    53 

Dreyer  6124  ...  . 

Dreyer  6231  .... 

Dreyer  6242  .... 

Dreyer  2nd   Index 
Catalog  4628    .  . 

•  •      • 

•  •      • 

•  •      • 

•  •      • 

Defects 


DescriptioD . 

Distance  from  Edge  of  Plate. 

Licrht.  elongated 

In.     mm.                                            In.       mm. 

B    0.4=10                       R    0.2=   5 

B     3.9     99                        ^  '05     13 
T    0.6     15                       L    0.5     13 
T    2.3    58                       L    0.1       3 

White,  like  a  hazv  star 

Licfht.  irrecrular 

Lfifirht.  irrecfular 
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PLATE  38 

REGION  OF  e  OPHIUCHI 

(Top  is  north)  (Scale :  i  cm.  =44'.i) 

1855.0  a  i7'»  ii°»        5  -25"*.3 
1894  July  6  Exposure  3**  35'» 

This  photograph  shows  the  extraordinary  region  of  0  Ophluchi. 

There  are  a  few  defects  of  illumination  along  the  right  edge  of  the  plate. 
These  are  readily  distinguished  from  the  real  structure.  Unfortunately;  the 
reproduction,  though  otherwise  a  good  one,  is  flat,  and  relativel)'  dull.  Of  course, 
the  halation  ring  about  0  will  not  deceive  any  one.  The  extreme  top  portion  of 
the  plate  is  darker  than  it  should  be,  due  mainly  to  defective  illumination,  giving 
the  impression  of  a  vacant  region  which  is  not  real.  The  dark  markings  on  the 
plate,  otherwise,  are  real. 

Splendid  half-tone  reproductions  of  this  region  with  the  lo-inch  Bruce  tele- 
scope of  the  Yerkes  Observatory  will  be  found  in  Pop.  Astron.  14,  579,  1906. 
The  main  features  of  this  region  are,  perhaps,  better  shown  in  Plate  39. 


Identii^ication  of  Stars,  Etc. 


Object. 

Mag. 

5.2 
3.6 

Place. 

Distance  from  Edge  of  Plate. 

58  0phiuchi    .  .  . 
0  Ophiuchi  .... 

h      m           •                         0             / 

1855.0    17  34  450           -21     36.1 
1875.0    17  14  20.5           -24    52.3 

In.      mm.                                   In.       mm. 

T    1.4=36               L    0.1=  3 

* 

T    3.1    79                L    2.8    71 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Small,  firrev . 

In.      mm.                                           In.       mm. 

T     2.8  =  71                       R     2.6  =  66 

T  f  1    r  ■  >   .    ,  .   , 


AS""  Cf".      ..  r    f. 


•        A 
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PLATE  39 


REGION  NORTH  OF  d  QPHIUCHI 


(Top  is  north) 

1855.0  a  i7»>  12 
1892  June  25 


(Scale:  i  cm.  =46'. 5) 

^    -2l'.3 

Exposure  4**  o" 


This  reproduction,  which  is  harsher  than  that  of  Plate  38,  shows  the  remark- 
able structures  of  the  sky  near  and  north  of  0  very  strikingly.     There  is  a  small 

S  shaped  black  marking  with  several  other  minute  black  spots  near  it,  something 
less  than  2  degrees  north  of  S,  The  beautiful  details  of  these  and  others  of  the 
dark  structures  are  very  satisfactoril}^  reproduced.  The  great  vacancy  to  the 
southeast  of  0,  which  runs  west  under  that  star,,  is  too  near  the  edge  of  the  plate 
to  be  well  shown.  The  mass  of  stars  in  the  lower  right  corner  is  too  harsh  and  is 
badly  reproduced.     This  latter  region  is  better  shown  in  Plate  38. 

A  line  of  considerable  stars  will  be  noticed  running  diagonally  from  near  the 
upper  left  corner  for  about  4  degrees.  This  becomes  more  noticeable  if  one 
inclines  the  plate  and  looks  along  the  line.  The  dark  region  at  the  upper  right 
.  corner  is  not  altogether  real. 

To  the  left  is  a  region  of  remarkable  cloud  forms,  in  the  middle  of  which  is 
placed  the  star  58  Ophiuehl.     These  are  better  shown  in  Plates  42,  43  and  44. 

The  region  3  or  4  degrees  north  of  0,  photographed  with  the  Bruce  lo-inch 
telescope  of  the  Yerkes  Observatory,  shows  very  extraordinary  details  in  some  of 
the  larger  structures  seen  on  this  plate. 

A  long  white  line-like  defect  will  be  noticed  about  half  an  inch  above  the  star 
CD  —23°  13412. 


Identification  of  Stars,  Etc. 


Object. 

7/  Ophiuchi  .... 

Mag.   , 

i 

2 

1855.0 

Place. 

Distance  from  Bdge  of  Plate. 

h        m         ■ 
17      2      4.0 

0        / 
-15  32.2 

T 

In.        mm 

0.3=  8 

R 

In.    mm. 
1.9  =  48 

q  Ophiuchi  .... 

5.0 

1 

1855.0 

17    12    19.2 

-  20  57.3 

T 

3.2    81 

R 

3.2      81 

58  Ophiuchi    .  .  . 

5.2 

1 

1855.0 

17  34  45.0 

-21  36.1 

T 

3-6    91 

L 

0.4      10 

0  Ophiuchi   .... 

3.6  ! 

1875.0 

17    14    20.5 

-  24  52.3 

1     B 

2.2    56 

L 

3.1    79 

00-24^3337.  .  . 

4-5    ' 

1 

18750 

17    18   44.5 

-  24     2.9 

B 

2.6    66 

L 

2.6    66 

00-23"  13412  .  .  . 

5.2 

1875.0 

17  23  47-8 

-23  52.1 

1     B 

2.7    69 

L 

2.0    51 

OD-26"  12152  .  .  . 

1 

6.2 

1 

1875.0 

17  23  59.1 

-26  10.3 

1 

1-5    38 

L 

1.9    48 
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PLATE  40 


REGIOM  OF  /9  OPHIUCHI  (EMLARGED) 


(Top  is  north) 


(Scale :  i  cm.  =  24.4) 
1855.0  a  I7«»  I4«        3  -24*.5 
1894  July  6  Exposure  3'*  35» 


This  enlargement  shows  the  immediate  region  of  9  Ophluehi  well,  though  the 
structural  details  are  not  so  well  brought  out  in  the  upper  part  of  the  plate  as 
they  are  in  Plate  39. 

The  great  vacancy  and  the  rift  to  the  east  and  south  of  6  Ophluebi  are  well 
shown. 

Immediately  above  0  (about  36  minutes  north)  is  a  small,  complete  circle 
(6'  ±  in  diameter)  of  small  stars.  The  great  rift  under  9  is  seen  to  be  bridged 
either  by  stars  too  thickly  clustered  and  too  faint  to  be  shown  separately,  or  by 
nebulous  matter.  The  bright  star  in  the  large  vacancy  to  the  southeast  of  0  is 
CD  -    26°  12 1 52  of  the  6.2  magnitude. 

No  one  will  be  deceived  by  the  halation  ring  about  9  and  CD  —  24°  13337. 


.    Identification  of  Stars,  Etc 


Object. 

Mag. 
6.8 

1855.0 

Place. 

Distance  from  Edge  of  Plate. 

BD- 21*  4544    .  . 

h        m          ■ 

17    3  59.3 

-2*1  25.'7 

T 

In. 
1.4  = 

mm. 

=  36             R 

In. 
1.4  = 

=1^ 

^  OphitichI   .  .  . 

5.0 

1855.0 

17  12  19.2 

-  20  57.3 

T 

0.9 

23               R 

3-3 

84 

CD -27*  11516.  < 

6.3 

1875.0 

17    4  35-6 

-27  36.1 

B 

1.4 

36              R 

1.4 

36 

CD -26*  12026  . 

4.9 

1875.0 

17    7  40.2 

-26  25.1 

B 

2.5 

64              R 

2.0 

51 

CD  -  24*  13255  . 

5.5 

1875.0 

17  10  23.9 

-  24    8.4 

T 

4.0 

102              K 

2.6 

66 

0  Ophiuchi   .  . 

3.6 

1875.0 

17  14  20.5 

-  24  52.3 

B 

4.0 

102              If 

3.3 

84 

CI) -24*  13337.  . 

4.5 

1875.0 

17  18  44-5 

-24    2.9 

T 

3.9 

99              h 

2.3 

58 

CD -23*  13412  .  . 

5.2 

1875.0 

17  23  47.8 

-23  52.1 

T 

3.8 

97               L 

I.I 

s8 

CD -26"  12152  .  . 

6.2 

1875.0 

17  >3  59.1 

-26  10.3 

B 

2.8 

71               L 

1.2 

30 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Two  white,  irregular  spots 

Small,  white,  irregular 

Small,  grey,  elongated 

Small,  white,  irresrular 

In.      mm.                                           In.      mm. 

T    2.8=71                      h    2.5  =  64 
B    2.4    61                      L    1.0    25 
B    3.2    81                      L    0.5     13 

• 

B     2.9    74                       I,    0.3      8 
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PLATE  41 

NEAR  ^  SERPEMTIS 

(Top  is  north)  (Scale :  i  cm.  =  37'^) 

1855.0  a  17*  aS"        S  ~  i5*.o 
1895  July  19  BzpoMire  3**  o* 

Near  the  bottom  of  the  plate  are  some  of  the  cloudy  masses  in  the  region  of 
58  Ophlnehl  which  are  better  shown  in  Plates  42,  43  and  44.  The  cluster  M9  on 
the  north  edge  of  the  black  hole,  near  the  lower  right  comer,  appears  like  a  bright 
star. 

The  top  edge  of  the  plate,  especially  at  the  right  corner,  is  too  dark. 


Identification  of  Stars,  Etc. 


Object. 

M«g. 

Place. 

Distance  from  Bdge  of  Plate.           1 

y  Serpantis    .  .  . 

4.5 

1855.0 

h          B              • 

17    12   39.8 

-12  41.4 

T 

In.          Biiii. 
2.3=    58 

R 

1.0=25 

^  Serpentls .... 

3.8 

1855.0 

17   29   17.1 

-15  18.1 

T 

4.0      102 

L 

3.2    81 

0  Serpentls .... 

4.5 

1855.0 

17  33  15.5 

-12  47.6 

T 

2.4        61 

I. 

2.6    66 

Scattering  clutter . 

... 

1855.0 

17  42    .  . 

-11  50 

T 

1.8      46 

L 

1.2    50 

Dreyer  6333  =  M  9  . 

... 

1860.0 

17  11    0 

-18  21.9 

B 

2.0      51 

R 

0.7    18 

Dreyer  6494  =  M  23 

... 

1860.0 

17  48  41 

- 18  59.7 

B 

1.5      38 

L 

0.4    10 
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PLATE  42 
REGION  OF  58  OPHIUCHI 


(Top  is  north) 


(Scale:  i  cm.  =  36' .8) 
1855.0  tr  lyh  34"        8  -2i'.3 
1895  June  26  Exposure  4''  5" 

The  Star  near  the  center  is  58  Ophluchi.  The  very  singular  mass  of  irregular 
clouds  that  occupies  the  middle  of  the  plate  looks  strange  or  out  of  place.  It  is 
quite  unique  in  the  milky  way  and  does  not  give  the  impression  of  being  cloads 
either  of  stars  or  of  nebulous  matter  in  its  general  makeup.  In  some  respects 
these  clouds  have  the  appearance  of  being  quite  separate  from  the  background  of 
small  stars,  as  if  the  masses  were  nearer  to  us.  One  would  hesitate  in  passing  on 
these  as  to  their  being  nebulous,  and  yet  the  appearance  does  not  suggest  star 
masses.  If,  however,  we  examine  the  two  small  tufts  at  the  left  of  the  general 
mass,  it  will  be  seen  that  they  are  clearly  made  up  of  small  stars  which  spread 
out  in  a  scattering  manner  to  the  southeast  from  both  masses,  almost  like  coarse 
dust.     This  stellar  resolution  is  not  so  evident  in  the  other  masses  to  the  west. 

The  beautiful  cluster  M23  is  shown  in  the  upper  left  part  of  the  plate  and 
the  nebula  M8,  and  the  Trifld,  are  near  the  lower  left  side.  Theta  Ophiuehi  is 
near  the  lower  right  corner.  The  star  2}4  degrees  southeast  of  0  Ophiuehi  in  the 
large,  dark  space  is  CD  —  23°  12 152  (6~.2).  There  is  a  small  star-like  defect  close 
south  following  it.     This  is  a  good  reproduction. 


Identification  of  Stars,  Etc. 


Object. 

58  Ophiuehi.  .  .  . 

Mag. 
5.2 

1855.0 

Place 

h        III           H 

17  34  450 

0        / 
-21  36.1 

T 

Dista 

In 
3.6  = 

nee  from  Bdge  of  Plate. 

mm. 
=  91 

I. 

In.       nuB. 
3.4  =  86 

BD- 18"  4686    .  . 

6.0 

1855.0 

17  47  23  2 

-  18  46.3 

T 

1.8 

46 

I. 

1.4      36 

0  Ophiuehi   .... 

3.6 

18750 

17  14  20.5 

-  24  52  3 

B 

2.1 

53 

R 

0.3      8 

00-23"  13412  .  .  . 

5.2 

1875.0 

17  23  47.8 

-23  52.1 

B 

2.8 

71 

R 

1.7    43 

CD -26°  12152  .  .  . 

6.2 

1875.0 

17  23  59.1 

-  26  10  3 

B 

1-3 

33 

R 

1.8    46 

Dreyer  6494  =  M  23 

•      •      • 

1860.0 

17  48  41 

- 18  59.7 

T 

1.9 

48 

I. 

1.2    30 

Dreyer  6514  -  M  20 
=  Trifid  Nebula 

•      •      • 

1860.0 

17  53  54 

-23     1.5 

B 

3-2 

81 

I. 

0-5    13 

Dreyer  6523  -  M  8  . 

•      ■      • 

1860.0 

17  55     6 

-24  22.8 

B 

2.4 

61 

L 

0.3      8 

Defects 


Description. 


Small,  white  spot  ])elow  bright  star 


Distance  from  Kdge  of  Plate. 


Iti.        mill. 

B     1 . 2  -  30 


In.       mm. 

R     1.8  =  46 
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PLATE  43 


REGION  OF  68  OPHIUCHI  (EMLAROED) 


(Top  is  north) 


(Scale :  i  cm.  =  24'.9) 
1855.0  a  ly**  36-        <5  -  2o\9 
1895  J"n«  26  Exposure  4*  5" 


This  is  an  enlargement  of  Plate  42,  and  shows  the  singular  cloud-like  struct- 
ures perhaps  better  than  that  plate.  It  leaves  us  more  in  doubt,  perhaps,  as  to 
the  proper  interpretation  of  what  these  cloud  forms  really  are  than  the  smaller 
plates.     Below  the  middle  is  the  trail  of  the  asteroid  Euterpe  (27). 


iDENTinCATlON   OF 

Stars,  Etc. 
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PLATE  44 


REGION  OF  58  OPHIUCHI  AND  MS 


(Top  is  north) 

1855.0  a  i7»»  4i~ 
1894  July  5 


(Scale:  i  cm.=36'.8) 

d    -21*.7 

Exposure  4''  o" 


The  reproduction  is  somewhat  defective.  At  the  lower  right  corner  and  up 
the  right  side,  for  nearly  half  way,  the  print  is  too  light  and  vague.  The  small, 
dark  region  just  east  of  the  star  CD  —  23*^  13412  is  too  much  accentuated  and  too 
dark.  The  defective  portion  is  better  shown  on  Plate  42,  which  is  excellent. 
With  the  exception  just  stated,  the  rest  of  the  present  plate  is  good,  especially  in 
the  upper  part  near  the  cluster  M  23,  where  the  structure  is  better  shown  than  in 
Plate  42. 

One  degree  and  a  half  east  of  the  bright  nebula  M  8  is  a  beautiful  group  of 
nebulous  stars  which  are  connected  with  M  8  by  faint  but  definite  nebulosity 
{A.  N.  180,  233,  1892).  A  photograph  made  with  the  loinch  Bruce  telescope  of 
the  Yerkes  Observatory  in  1905  (see  A.  N.  177,  231,  1908)  shown  the  region  and 
the  connecting  nebulosity  very  clearly.  The  identification  of  these  nebulous  stars 
is  given  in  connection  with  Plate  52. 


Identification  of  Stars,  Etc. 


Object. 


58  Ophiachi  . 
BD- 18*4686  . 
BD  -  17-  9457  . 
CD -23'  13412 
CD-26'  12152 


Group  of  nebulous  stars. 
See  Plate  52 


Dreyer  6494  =  M  23 


Dreyer       6514  =  M20  = 
Trifid  Nebula 


Dreyer  6523  =  ^18 


Mag 

5.2 
6.0 

9.5 
5-2 
6.2 


Place. 


h      tn  I 

1855.0  17  34  45-0 

1855.0  17  47  23.2 

1855.0  17  47  26.8 

1875.0  17  23  47.8 

1875.0  17  23  59.1 

1875.0  18     2 

1860.0  17  48  51 

1860.0  17  53  54 

1860.0  17  55     6 


21  36.1 
18  46.3 

17  9-3 
23  52.1 
26  10  3 


Distance  from  Edge  of  Plate. 


ia.      mm. 

T  3.2=81 

T  1.4    36 

T  0.6    15 

B  2.4    61 

B  0.9    23 


23  50  B     2.3    58 

I 
18  59.7        T     1.5    38 


23  1-5     ' 

24  22.8 


B     3.0     76 
B     2.0    51 


la.  mm. 

R  2.4=61 

L  2.3  58 

L  2.0  51 

R  0.6  15 

R  0.6  15 

L  0.3  8 

L  2.1  53 

L  1.4  36 

L  1.2  30 


Defects 


Description. 


Distance  from  Edge  of  Plate. 


Large,  dark 


mm. 


III. 

B     2.2  =  56 


In. 
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R     1.2  =  30 
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PLATR  45 
WESTERN  EDGE  OF  THE  GREAT  STAR  CLOUDS  IN  SAGITTARIUS 


(Top  IB  norUO 

1855.0  it  ly^  55"* 
1894  June  aS 


(Scale:  i  cm.  =43'. 7) 
S  -3o*.o 
Kxposure  2*"  51" 


Some  of  the  stars  have  short  tails  to  them,  due  to  the  sudden  stopping  of 
the  driving  clock.  The  immediate  region  of  G  Ophiuehi  in  the  upper  right  corner 
is  somewhat  too  hazy  and  nebulous  looking.  Otherwise  the  reproduction  is  an 
excellent  one. 

The  western  edge  of  the  great  star  clouds  is  beautifulh^  shown.  When  exam- 
ined carefully,  the  great  spray  of  stars  to  the  left  of  the  middle,  and  on  the  edge 
of  the  great  star  cloud  takes  on,  to  the  fanciful  eye,  the  form  of  some  huge  feline 
monster  crouching,  read}-  to  spring  from  an  eminence  on  to  some  object  below. 
The  catlike  head,  with  mouth,  nose,  e5'es  and  ears  is  well  shown.  The  mass  of 
stars  north  of  the  head  represents  well  the  crouching  bodj'  of  the  weird  beast, 
while  the  two  nebulous  ropes  running  up  from  the  eastern  side  of  the  head  seem 
to  hold  the  creature  in  leash.  So  remarkable  and  unique  is  this  appearance  in  a 
celestial  object  that  I  am  sure  one  will  be  pardoned  for  calling  attention  to  it  here.- 

The  dark  region  east  of  0  Ophiuehi  is  well  shown  near  the  upper  right  comer 
of  the  plate.  The  bright  star  cloud  in  the  lower  part  of  the  plate,  with  a  cluster 
of  small,  bright  stars  in  it,  is  a  remarkable  object  and  is  also  well  shoMTi. 


TnKNTiKTCATioN  ov  Stars,  Etc. 
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PLATE  46 


IV  8C0BPI0— HOSTHEAST  OF  A  SCORPII 


Hop  %%  noftU 


(Scale:  I  cin.=3S'.5> 

1^55  *>  '^  «7*  37*        ^  -34*  6 
1^  June  26  Exporare  3^  5* 


TliiH  h  the  Hamc  region  shown  in  the  lower  part  of  Plate  45.  The  cloud 
nutnn  and  the  group  of  bright  stars,  apparently  superposed  on  it,  are  better  shown, 
however,  in  the  present  picture,  A  great  amount  of  detail  appears  to  exist  in 
thin  cloud  and  its  immediate  surroundings. 

The  star  CD  -  'SZ^  13686  of  the  9,8  magnitude  occupies  the  middle  of  a  rather 
sharply  defined,  irregular  black  spot  in  the  upper  left  quadrant.  This  spot,  with 
its  star  for  an  eye,  has  been  called  the  *' parrot's  head,"  the  '*bill"or  "beak"  being 
at  the  lower  left  side. 

The  glow  about  A  Scorpii  is  due  to  halation.  Some  faint,  unreal  inequality  of 
illumination,  that  should  deceive  no  one,  extends  from  the  upper  right  side  of  the 
plate  to  below  M  6. 


iDKNTliaCATION   OF    STARS,   EtC. 
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h      m  ■ 

1875.0       17    25      7.8 

»8750     17  33  51.2 
1875.0     17  56  139 

1860.0     17  30  56 
1860.0     17  44  40 
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T    3.2    81 


In.  mm. 

R  1.8=46 

R  2.9    74 

I^  1.2    30 

R  2.7    69 

L  2.6    66 


Defects 


DeikTiptiun. 
I.ikp  It  fuinl  oluHler 

Distance  from  Kdge  of  Plate. 

In.      nun.                                            In.        mm. 

B     3.2  =  81                        R     0.9  =  23 
B     3-5     89                       R     1.9    48 
B    3-7    94                       R     2.1     53 
B     3.4    86                       R     2.2    56 
B     2,8     71                       R     2.5     64 
T     I  4     36                       R     2.6    66 
B     3.7    94                       L     3-2    81 

Snmll,  liK^t,  irrognlar 

Vrrv  miumU.  iircv 

hike  n  vrry  smnll  cluster 

Like  \\  very  sumll  duster 

Suiull.  liuht.  irreiiulur 

SumlK  while.  irre^ulHr 

M- 


PLATE  47 

STAR  CLOUD  IN  SCORPIO  (ENLARGED) 

(Top  is  north)  (Scale:  i  cm.  =  24'. 5) 

1855.0  a  17^  44"        <5  -  34*.5 
1894  June  26  Exposure  3,^  5* 

This  is  a  great  enlargement  of  Plate  46.  It  opens  out  the  star  cloud  and 
cluster,  which  are  seen  to  be  merely  a  projecting  mass  from  the  west  side  of  the 
great  star  clouds,  and  insures  a  better  identification  of  individual  stars.  It  will 
be  seen  that  the  '^parrot's  head"  near  the  upper  left  side  is  only  a  partial  vacancy, 
as  it  is  filled  with  fainter  stars. 


Identification  of  Stars,  Etc 
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Mag. 


Place. 


X  Scorpii ■  2.6 

CD-ii'  14609    ...  I  5.5 
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1860.0  17  44  40 


Distance  from  Bdge  of  Plate. 
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Defects 
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Distance  from  Edge  of  Plate. 
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PLATE  48 

III  SERPEMS-- NORTH  OF  M28 

(Top  is  north)  (Scale :  i  cm.  =  sY,4) 

1855.0  a:  XT'*  48"        <5  -  i5*.8 
1895  Jane  29  Bzposore  2*  15* 

In  the  lower  right  corner  is  a  portion  of  the  great  cloud-like  masses  shown  in 
the  middle  of  Plate  42  and  also  in  Plate  43.  A  large,  irregular  cloud  of  very 
small  stars  occupies  the  middle  of  the  plate.  In  the  lower  part  of  the  cloud  is 
a  remarkable,  long  and  conspicuous  dark  spot,  somewhat  over  a  degree  in  length, 
the  upper  part  of  which  is  larger  and  darker  and  contains  a  solitary  star 
•  (BD  —  17^  9457)  of  the  9.5  magnitude. 

To  the  left,  below  the  middle  of  the  plate,  is  the  small  star  cloud  shown  in 
Plate  54.  The  two  lines  of  stars  running  from  the  direction  of  the  right  hand 
hole  in  this  star  cloud  are  very  clearly  shown.  The  south  one  of  these  can  be 
traced  for  nearly  3  degrees  towards  the  southwest.  If  the  plate  is  held  at  a  con- 
siderable angle  so  that  one  looks  along  the  line  of  stars,  towards  the  hole,  it  will 
be  seen  that  the  definiteness  of  the  line  is  much  enhanced.  The  upper  part  of 
the  plate  is  too  dark. 


Identification  of  Stars,  Etc. 
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PLATE  49 


GREAT  STAR  CLOUDS  IN  SAGITTARIUS 


(Top  is  north) 

1855.0  a  ij^  55» 
1895  August  13 


(Scale:  i  cm.=37'.4) 
8  -27".o 

Exposure  3**  o" 


These  magnificent  star  clouds  are  the  finest  in  the  sky.  They  are  full  of  splendid  details. 
One  necessarily  fails  in  an  attempt  to  describe  this  wonderful  region  of  star  masses.  They  are  like 
the  billowy  clouds  of  a  summer  afternoon ;  strong  on  the  side  towards  the  Sun,  and  melting  away 
into  thin  atmosphere  on  the  other  side.  Forming  abruptly  at  their  western  edge  against  a  thinly 
star  strewn  space,  these  star  clouds  roll  backwards  toward  the  east  in  a  broadening  mass  to  fade 
away  into  the  general  sky,  beyond  the  limits  of  the  present  picture. 

In  the  dimmer  regions,  below  the  great  bright  clouds,  the  dark  details  become  more  inter- 
esting and  delicate,  especially  in  the  region  of  the  "parrot's  head,"  which  is  a  striking  object. 

Above  the  middle  of  the  plate,  in  the  bright  star  cloud  is  a  small  black  spot,  almost  like  a 
defect,  with  a  small  white  spot  close  to  the  left  of  it.  One  and  a  half  degrees  above  these,  in  the 
partially  dark  region,  are  a  number  of  thin  dark  lanes  running  north  and  south.  The  group  of 
nebulous  stars  about  i^  degrees  east  of  M  8,  and  their  nebulosity,  are  fairly  well  shown.  The 
luminous  region  at  the  right  edge  of  the  plate  is  partly  a  defect  of  reproduction.  It  should  be 
uniformly  dark.  The  mass  of  clouds  in  the  upper  right  corner — the  same  as  that  in  the  middle 
of  Plate  42,  etc. — is  printed  rather  too  light. 

The  first  star  photographs  made  with  the  Willard  lens  were  those  obtained  by  the  writer  in  the 
early  summer  of  1889  of  the  region  of  the  present  plate  (Plate  49)  and  of  the  regions  of  Plates  54, 
62,  etc.  These  early  photographs  were  very  wonderful,  for  they  showed  for  the  first  time  the  cloud 
forms  and  general  structure  of  the  Milky  Way.  After  the  first  few  photographs,  however,  the 
iens  was,  for  a  long  period,  not  available  for  continuing  the  work.  Later  it  was  refigured,  and, 
later  still,  placed  on  the  equatorial  mounting  of  the  Crocker  telescope,  after  which  the  present 
photographs  were  obtained. 

Identification  of  Stars,  Etc. 
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Mag. 

Place 

Distance  from  Edge  of  Plate. 

00-31"  14609 

CD-32''  13517 

CD -32"  13529 

CI) -28"  13878 

CD -32**  13544 

CD -28*'  13936 

Small  black  hole     .... 

CD -29"  14447 
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Group  of  nebulous  stars 
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6.0        1875.0     17  48  48.0       -28     2.6 
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B     3.4      86          L    3.1     79 
T     I.I       28          h    2.4    61 
B     3-7      94          L     1.0    25 
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DkKKCTvS 


Description. 

Long,  light,  irregular     

Like  a  small,  bright  cluster 

Irregular  scratch,  like  a  chain  of  stars 
running  to  the  lower  edge  of  the  plate 
near  the  right  corner 


Distance  from  Edge  of  Plate. 


In.      mm. 

T    3.7  =  94 
T     2.4    61 


1^     1-3    33 


R 
R 


In.  mm. 
05=13 
2.2      56 


R     2.8     71 


I  . 


Til   t,     .,     r.       ■      '     **.0 


19— L 


PLATE  50 


GREAT  STAR  CLOUDS  IN  SAGITTARIUS  (ENLARGED) 


<Top  is  north) 

1855.0  a  I7»»  52 
1895  August  13 


^Scale:  icni.  =  24'.8) 
S  -28'.o 
Exposure  3**  o" 


This  CMilargement  is  intended  to  bring  out  the  structural  details  of  the  great 
star  clouds  more  clearly.  In  this  it  has  been  quite  successful.  The  reproduction 
is  excellent. 

Above  the  middle  of  the  plate,  in  the  bright  cloud,  is  a  minute  black  hole 
about  6  minutes  in  diameter,  with  a  small  star  cluster  close  to  its  east  edge.  (See 
/I.  N,  108,  370,  1884.)  This  black  hole  is  a  most  remarkable  object  in  a  5-inch 
telescope.  It  looks  like  a  drop  of  ink  on  the  bright  sky  and  its  conspicuousness 
is  strikingly  enhanced  by  the  beautiful  cluster  close  to  it. 

The  great  ropes,  apparently  of  nebulosity  running  up  from  the  '*  beast's  head," 
are  well  brought  out.  So  far  as  I  am  able  to  judge  from  recent  photographs  with 
the  lo-inch  lens,  these  are  really  nebulous  streams.  The  *'beast's  head"  (see 
Plate  45)  also  somewhat  resembles  the  head  of  a  man,  with  a  mustache  and  chin 
whiskers!  The  ''parrot's  head"  near  the  bottom  of  the  plate  is  a  conspicuous 
object. 

One  striking  fact  brought  out  in  this  picture  is  the  remarkable  difference  in 
the  size  of  the  stars  composing  the  clouds.  Those  of  the  ''head"  and  the  plume 
above  it  are  much  larger  and  more  coarsely  strewn  than  those,  say,  in  the  eastern 
and  southern  part  of  the  plate,  while  the  brighter  masses  in  the  middle  are  also 
composed  of  relatively  large  stars. 


Identikication  ok  Stars,  Etc. 
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PLATE  51 
IN  SAGITTABIDS— NEAB  MS 

(Top  is  north)  (Scale:  lcm.=38'.i) 

1855.0  a  I?"  56-       3  -»3'-5 

1895  June  27  Exposure  s^-J/^ 

This  picture  shows  the  region  of  M8  (the  large  nebula  near  the  middle  of 
the  plate)  and  the  Trlfld  Nebula.  Below  these,  pile  up  the  great  starclonds  shown 
iu  Plate,49,  while  to  the  right  and  above  are  the  fainter  cloud  masses  in  the  region 
of  58  Ophlncbl. 

The  part  of  the  sky  shown  here  is  a  remarkable  one,  presenting  as  it  doea 
such  a  variety  of  objects  and  conditions.  It  will  be  noticed  that  the  fourth  magni- 
tude star  BD  —  21°  4908  has  an  almost  complete  ellipse  of  small  stars  about  it  on 
its  southeast  side.  The  "beast's  head"  is  looking  over  the  lower  edge  of  the 
plate  with  one  of  its  eyes  greatly  enlarged. 


Identification  of  Stars,  Etc 
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PLATE  52 
IN  SAGITTARIUS  — M  8  (ENLARGED) 


(Top  is  north) 

1855.0  a  lyh  55 
1895  June  27 


m 


(Scale:  i  cm.  =  i2'.4) 
d  -24'.o 

Exposure  3*'  30" 


This  enlargement  was  intended  to  show  the  structure  of  M8 — that  singular 
massing  of  stars  and  nebulosity — and  the  Trifld  Nebula.  The  great  reflectors  of 
today  have  taken  away  much  of  the  value  that  the  enlargement  might  otherwise 
have,  but  it  still  has  a  supplementary  value  in  showing  the  peculiarities  of  the 
region  in  which  these  nebulae  lie.  About  three  inches  to  the  left  of  M8  is  a 
group  of  nebulous  stars  which  were  discovered  on  the  Willard  lens  plates.  (See 
A.  N,  180,  233,  1892.)  Though  the  reproduction  does  not  clearly  show  it,  this 
group  is  connected  directly  with  M8  by  a  diffused  sheeting  or  band  of  nebulosity 
that  extends  eastward  from  M8  and  condenses  brightly  about  the  stars  in  ques- 
tion. In  its  eastern  edge  is  a  definite  notch  or  bay.  The  members  of  this  group 
of  nebulous  stars  I  have  identified  in  the  Cordoba  DM  as 
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In  wi<lely  diffused  nebulosity 

Small,  dense  nebulosity 


In  dense  nebulosity 


In  dense  nebulosity 
Dense,  irregular  nebulosity 
Dense  nebulosity 


The  Star  CD  —  23°  13908  (8'".3)  is  also  in  a  small  elongated  nebulosity. 


Iden'Tification  of  Stars,  Etc 
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CD -23°  14002 

CD -23'  14004 

CD -23"  14005 

00-24**  13990 

CD -23°  1401 7 

Dreyer       6514  =  M  20  = 
Trifid  nebula 

Dreyer  6523  =  M    8  .  .  . 
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PLATE  63 
IN  OPHIUCHUS  — NEAR  M87 

(Top  is  north)  (Scale :  i  cm.  =35'.6) 

1855.0  a  i7»>  58"        8  +3'.2 
1894  August  24  Exposure  i**  20"* 

The  lower  half  of  the  picture  seems  to  show  a  rather  poor  region,  while  the 
upper  part  is  rich  in  very  small  stars,  in  which  curious  star  lines  and  dark  lanes 
occur. 

There  are  some  inequalities  of  illuiliination  in  the  lower  left  quadrant  that 
are  not  real,  but  these  arc  not  likely  to  deceive  any  one.     There  are  no  diffused, 
nebulosities  on  the  plate. 


Identification  of  Stars,  Etc 
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PLATE  54 


Small  Star  cloud  and  black  holes  in  Sagittarius 


^Top  is  north) 

1855.0  a  1 8*-  4' 
1895  July  24 


(Scale:  i  cin.  =  36'.5) 
«  -i8'.o 

Exposure  4''  io» 


This  is  one  of  the  most  beautiful  regions  of  the  Milky  Way.  The  reproduc- 
tion is  a  very  successful  one. 

Of  the  many  objects  that  adorn  this  plate  and  make  it  interesting,  the  most 
striking  is  the  remarkable  star  cloud  that  occupies  the  middle  of  the  picture,  in 
which  are  placed  two  definite  black  holes,  the  western  one  being  the  best  defined. 
In  this  hole,  a  little  to  the  left  of  the  center,  is  a  small  star  with  a  faint  companion 
close  to  the  west,  which  can  be  seen  with  a  slight  magnification.  From  these  holes, 
to  the  lower  right,  are  two  diverging  semi-vacant  lanes,  between  which,  at  a  distance 
of  one  degree  from  the  hole,  runs  a  sharp  horizontal  line,  like  a  defect.  This 
line  is  made  up  of  a  number  of  small  bright  stars  close  together.  At  its  left  end 
is  a  short  projection  of  stars  to  the  south.  Above  the  end  is  the  star  BD  — 18° 
4845.  The  south  one  of  these  dark  lanes  continues  for  over  a  degree  and  then 
widens  out  into  a  dark  region.  The  western  end  of  this  lane  is  continued  by 
a  fine  thread  of  small  stars — like  beads  on  a  string — for  a  distance  of  nearly 
3  degrees.  To  the  right  of  this  string  of  stars  is  a  shorter  row  which,  if  pro- 
longed, would  meet  the  other  in  the  black  hole,  and  which  extends  nearly  as  far 
as  the  first  one.  From  the  upper  part  of  the  western  hole  a  string  of  brighter 
stars  runs  for  a  distance  of  over  one  degree  in  about  pbsition  angle  230  degrees. 
A  line  of  fainter  stars  continues  from  this  toward  the  east.  In  this  region  are  a 
number  of  other  lines  of  stars,  which,  on  close  inspection,  will  readily  be  made 
out.  Just  below  the  star  cloud,  in  the  semi-vacant  region,  is.  the  star  BD  — 19° 
4953  ^^f  ^^^^  7-6  magnitude,  which  is  involved  in  a  dense  nebulosity  (^A.  N.  180, 
233,  1S92).  It  is  the  brightest  of  a  group  of  nebulous  stars  (see  Plate  55).  The 
sheeting  of  clouds  running  abruptly  from  the  southwest  edge  of  the  star  cloud, 
and  whose  east  edge  is  so  abrupt,  is  filled  with  nebulosity  which  covers  a  large 
area  here  (see  .'/.  N,  177,  231,  1908).  Near  the  right  edge,  of  the  plate  is  the 
cluster  M  23,  and  above  it  will  be  seen  the  long  dark  marking  with  a  small  bright 
star  in  its  upper  end. 

The  plate  is  quite  free  from  defects  of  any  kind,  so  that  the  differences  of 
light  and  shade  are  correctly  represented. 

Idkntikication  of  Stars,  Etc. 
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PLATE  55 


Shall  Star  cloud  and  holes  in  Sagittarius  (Enlarged) 


(Top  is  north) 


1855.0  a  i8»*  f 


1892  June  20 


(Scale :  i  cm.  =  24'.  i ) 
6  - 18*.3 

Exposure  4**  30" 


This  enlargement  of  the  region  of  Plate  54  is  intended  to  show  the  structure 
of  the  star  cloud  more  clearly. 

In  the  upper  left  quadrant  the  nebula  M  17,  popularly  known  as  the  Swan  or 
Omegra  Nebula,  is  seen  to  occupy,  with  its  fainter  extensions,  an  area  nearly  one 
degree  in  diameter.  The  companion  to  the  small  star  in  the  small  black  hole  in 
the  star  cloud  is  easily  visible  close  to  the  right  of  it.  The  position  of  the  black 
hole  is 

1855.0  i8»'  7»  -  jS"  15' 

The  nebulous  star  BD  — 19°  4953  is  really  the  principal  one  of  a  group  of  nebu- 
lous stars  which  consists  of  the  following: 

BD  - 19*  4953  i 

-  18"  4954  /  Involved  in  dense  nebulosity 
- 18'  4943  ) 

-  18°  4940     Small,  dense  nebulosity 

-  18''  4948     Small,  dense  nebulosity 

Identification  of  Stars,  Etc. 
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ADDITIONAL  NOTE  ON  THE  BLACK  *'HOLE" 


The  small  star,  near  the  middle  of  the  small  black  "hole,"  was  observed  with  the  micrometer  of  the  40-inch 
trlescope  of  the  Yerkes  Observatory,  on  July  6,  1913.     The  resulting  position  is:  1913.0  a  =  18''  10"  28".82  ,  5  =  - 
18"  15'  27''.3.     Several  smaller  stars  near  it  were  also  measured  with  respect  to  this  star,  which  we  will  call  «,  in 
the  summers  of  1911-13.     The  small  star  close  preceding  a  (which  is  readily  seen  on  the  plate  with  slight  magni- 
fication) we  will  call  d. 

a/> 1911.842 

hr 1911.426 

lid 1913573 

Sec  W/  y.  38.  49^501.  1913 

For  observations  of  this  remarkable  black  spot  itself  with  the  40-inch  telescope,  see  a  quotation  on  page  21 
of  the  present  volume. 
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PLATE  56 

IN  SAGITTARIUS  — NEAR  M22 

(Top  is  north)  (Scale:  i  cm.  =  44'. 4) 

.1855.0  a  iS*"  16"        8  -  25°.o 
1895  June  28  Exposure  3*»  o" 

This  plate  shows  the  eastern  edge  of  the  great  star  clouds  of  Plates  49  and 
50,  etc.  It  will  be  seen  that  these  clouds  fade  ofif  gradually  into  the  ordinary  sky 
to  the  east,  in  strong  contrast  to  the  abrupt  termination  of  their  western  sides. 
The  stars  become,  apparently,  very  small;  whether  due  to  this  part  of  the  Milky 
Way  receding  into  distant  space  at  this  point  or  to  an  actual  smallness  of  the 
stars  would  be  diflBcult  to  tell. 

Much  structure  of  a  dark  nature  exists  in  the  bright  region,  especially  below 
M  22.  This  cluster  is  a  splendid  object.  It  covers  at  least  25  minutes  and  is 
somewhat  elongated  north  and  south.  Its  outlines  seem  to  have  a  greater  extent 
on  its  west  side.  In  about  the  position  (1855.0)  a  18**  25°"  40^  S — 21°  30'  is  a 
singularly  small  and  sharply  defined  black  spot,  elongated  east  and  west,  with  a 
small  star  in  its  east  end. 

With  the  exception  of  a  strong  halation  about  g>  Sagrittarii  the  plate  seems  to 
be  free  of  defects. 


Identification  of  Stars,  Etc 
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(See  Plate  52)    . 
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T  1.2  =  30 


T  2.5  64 

B  0.6  15 

B  2.2  56 

T  2.8  71 

T  3.2  81' 

T  2.7  69 


In. 
L   2.3  =  58 


R  1.0  25. 

R  2.4  61 

L  0.7  18 

R  0.2  51 

R  3-0  76 

L  1.9  48 
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PLATE  57 

IN  SAGITTARIUS 

(Top  is  north)  (Scale:  i  cm.  =  39'.4) 

1855.0  a  iS^  23»        8  -  I4^5 
1895  July  25  Exposure  4**  25" 

This  is  a  very  interesting  region.  Messier  16,  the  upper  of  the  two  nebulae 
to  the  right  of  the  middle,  is  a  remarkable  object  much  resembling  the  great 
nebula  of  Orion  as  photographed  with  a  small  telescope.  Dreyer  gives  M  i6 
simply  as  a  cluster  and  does  not  mention  any  nebulosity.  Its  nebulous  condition 
was  shown  in  my  earliest  photographs,  and  the  discovery  of  the  nebulosity,  there- 
fore, is  due  to  photography.  I  have  given  a  description  of  its  appearance  in 
A.  N.  177,  231,  1908.  Dr.  Roberts  gives  a  photograph  of  this  object  in  Volume  II 
(Plate  151)  of  his  Celestial  Photographs. 

For  a  photographic  description  of  M  17  (the  lower  of  the  two  nebulae),  see 
A.  N.  177,  231,  1908. 

In  the  upper  part  of  the  plate  is  the  star  BD  —  10°  4713  of  the  5.5  magnitude 
(Dreyer  Index  Catalog  1287)  which  is  densely  nebulous  {A.  N,  180,  233,  1892). 
With  the  16-inch  Bruce  telescope  it  is  a  remarkable  object.  The  nebula  does  not 
seem  to  condense  strongly  at  the  star,  but  a  stronger,  roundish  patch  of  it,  one  or 
two  minutes  in  diameter,  lies  close  south  preceding  the  star.  There  is  a  tendency 
to  wispiness  in  the  nebula,  resembling  in  this  respect  some  of  the  nebulosities  of 
the  Pleiades.  A  long  curved  nebulous  strip  northwest  of  the  star  is  concave  toward 
it  and  reaches  westward  to  a  smaller  star.  This  nebulosity  looks  as  if  it  would 
well  repay  investigation  with  some  of  the  large  reflectors.  This  object  (BD  —  10° 
4713),  is  in  a  larger,  partly  vacant,  region  some  3°  — 4°  in  width.  The  arrange- 
ment of  the  star  masses  surrounding  this  vacancy  seems  to  suggest  the  idea  that 
some  force  radiating  from  this  point  may  have  affected  the  distribution  of  the 
stars  about  it  in  all  directions. 


Identification  of  Stars,  Etc 


Object. 

BD- 10"  4713 

Dreyer  66ii  =  M  16  .  .  .  . 
Dreyer  6618  =  M  17  .   .  .  . 


Dreyer  2d  Index  Catalog 
4745 


Dreyer  6445 


Mag. 


5-5 


Place. 


h      III  • 

1855.0    18    23    23  9 

1860.0  18  10  57 
1860.0  18  12  42 

1860.0  iS  23  26 
1860.0  18  24  32 


o  / 

10  53.4 
13  50.0 
16  13.9 

19  20 
16  59.1 


Distance  from  Edge  of  Plate. 


In.    nun. 

T  1.3=  33 
B  4.2  107 
B  2.8   71 


In   mm 

R  3.0  =  76 
R  1.2  30 

R  1.5  38 


B  i.o   25    R  3  o  76 
B  2.4   6i    R  3.1  79 
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PLATE  58 


IN  SAGITTARIUS  (ENLARGED) 


(Top  is  north) 


1855.0  a  18"  22" 


1895  July  25 


(Scale :  i  cm.  =  24'.4) 
Exposure  4**  25" 


This  enlargement  brings  out  the  individual  stars  to  some  advantage,  but  it 
loses  somewhat  the  general  characteristics  of  Plate  57.  The  nebulous  star  is  well 
shown,  as  are  also  some  of  the  dark  spots,  especially  the  one  1.7  inches  to  the 
southwest  of  the  nebulous  star. 


Identification  of 

Stars,  Etc 

Object. 

Mag. 

Place. 

Distance  from 

Edge  of  PUte. 

BD-io'*47i3    .  .  . 

5.5 

h      m          • 
1855.0      18   23    23.9 

• 

- 10  53-4 

Id.        mm. 

T    1.5=  38 

In.     mm. 

L    2.9=74 

Dreyer  66ii~Mi6 

•  •  • 

1860.0      18    10  57 

- 13  50.0 

B    4.3     109 

R    0.8    20 

Dreyer66i8  =  Mi7 

... 

1860.0      18    12  42 

-16  13.9 

B     2.0      51 

R    1.3    33 

Dreyer  6645   .... 

.  •  . 

1860.0      18   24  32 

-16  59.1 

B     1.2       30 

L    2.7    69  . 
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PLATE  69 


IN  SERPENS 

(Top  is  north)  (Scale :  i  cm.  =  36'.8) 

1855.0  a  18*'  25™        S  +  7'.o 
1894  September  21  Exposure  3**  5" 


This  region  of  the  sky  is  apparently  made  up  of  relatively  very  small  stars 
with  a  few  brighter  ones  in  two  scattering  clusters.  In  the  lower  part  of  the 
picture  the  southern  edge  of  this  rich  region  of  small  stars  assumes  a  cloud  form 
effect  where  it  borders  on  the  poor  region  below.  There  is  no  nebulosity  on  the 
plate,  and  the  slight  increase  of  brightness  along  the  right  edge  is  unreal. 


Identification  of  Stars,  Etc.  . 


Object. 

Mag. 

Place. 

Distance  from  Kdge  of  Plate. 

BD  +  6*3855  .... 
BD  +  I*  3766  .... 

BD  +  5'3941  .... 
Dreyer  6633  .... 

Dreyer  6907  .... 

5.8 
50 

6-3 

•  •         • 

•  •          • 

h     m           •                           0           / 

1855.0     18  29  36.8            +  6  33.4 
1855.0     18  37  31.2             +   I  55.1 
1855.0     18  38  20.7             +  5  21.3 
1860.0     18  20  43               +6  28.7 
1860.0     18  44  53                +10  II.O 

In.          mm.                             la.       mm. 

T    3.9=  99              L     2.7=69 
B     1.2      30              L     1.4    36 
B    3.4      86              I,     1.3    33 
T    4.0     102               R    3.1    79 
T    1.6      41               L    0.3      8 

Defects 


Description. 

Distance  from  Kdge  of  Plate. 

Slightly  luminous,  like  a  patch  of  faint  stars 
Slightly  luminous,  like  a  patch  of  faint  stars 

In.      mm                                    In.      mm. 

T    2.0  =  51                L    3.6  =  91 
T    3.0    76                h    3-7    94 

Compare  with  Plate  60. 
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PLATE  60 

19  OPHIUCHDS 

(T<>j>  U  north )  rScale :  i  cm, = j/.T) 

1855.0  a  i8»»  3ty»        <l  +9*'5 

Thift  region  joins  that  of  Plate  59.  The  reproduction  has  given  coarser  star 
images^  but  it  i»  otherwise  fair.  The  luminosity  at  the  lower  right  comer  is 
unreal. 

In  the  upper  part  of  the  plate  is  a  nearly  vacant  region,  and  the  upper  part  of 
the  rich  star  mass  joining  it  is  quite  definite  and  shows  some  structure. 


Identification  of 

Stars,  Etc 

Object. 
mi^.6^5855  .... 

Mag 

5.0 

Place. 

Edge  of  Platie. 

h      m       • 
1855.0      18   29   56.8 

+  *6  33.4 

B 

iB.        BIB. 
2.8=71 

R     3.2=^81 

Bn-f5*394i   .... 

6.3 

1855.0      18   38   20.7 

+  5  21.3 

B 

2.0        51 

L     2.5    ^ 

Bl)44*59i6  .... 

4.0 

1855.0    18  49    0.8 

+  4   0.8 

B 

1.2      30 

L    0.9    23 

I)fey€r6633  .... 

.   .  • 

1860.0    18  20  43 

+  6  28.7 

B 

2.7        69 

R     1.7    43 

Drcycf  6907  .... 

... 

1860.0    18  44  53 

+  10  II.O 

T 

3-2    81 

L    1.6    41 

PLATE  61 

IN  LYRA  — NEAR  VEGA 

(Top  is  north)  ^ Scale :  i  cm.  =  36'.5)  • 

1855.0  a  i8»»  33™        d  +39'.5 
1894  August  II  Exposure  2^  2i>' 

The  entire  background,  which  is  a  little  luminous  near  the  right  side  of  the 
plate,  should  be  uniformly  dark,  as  there  are  no  nebulosities. 

The  stars  are  fairly  uniformly  scattered  over  the  sky  here,  but  there  almost 
appears  to  be  an  increase  of  them  in  the  immediate  region  of  Vega. 


Identification  op  Stars,  Etc 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

BD  +  42'3035    .  .  . 

Vega 

6  LyrsB 

C  Lyrae 

BD  +  33'3223    .  .  . 

5.5 
1.0 

4.3 

4.5 
Var. 

h      m           ■                             e           / 
1855.0       18    II       8.3                  +42      7.8 

1855.0       18   32       1.9                  +38   39.1 

1555.0      18   39    31.9                  +39   31.3 

1855.0    18  39  46.7            +37  27.7 
1855.0    18  44  44.4            +33  12.2 

In.    mm.                                   In.     mau 

T     1.6=41                 R    0.9=33 

B    3.9    99                R    3-4    86 
T    3.5    89                L     2.4    61 
B    3.1    79               L     2.4    61 
B    0.3      8                L     1.8    46 

22— L 


PLATE  62 


GREAT  STAR  CLOUD  IN  AQUILA— WEST  OF  Mil 


(Top  is  north) 

1855.0  a  iS^  33 
1895  July  26 


(Scale :  i  cm.  =  35'.o) 
S  -6'.9 
Exposure  4*"  30" 


This  splendid  star  cloud  is  cue  of  the  finest  in  the  Milky  Way.  It  is  a  strik- 
ing object  to  the  unaided  eye,  and  even  the  casual  observer  of  the  sky  must  be 
attracted  by  its  definite  form.  The  photograph  readily  reveals  its  stellar  structure. 
It  might  be  described  as  a  great  mass  of  stars  widely  extending  to  the  east  with 
a  rather  narrow  '*neck"  from  which  the  great  definite  mass  of  stars,  or  "head," 
piles  up  near  the  middle  of  the  plate.  This  **head"  is  sharply  indented  on  the 
west  by  several  **saw-tooth"  projections.  From  the  4}4  magnitude  star  ( — 4°  4582) 
in  the  upper  part,  rise  two  curved  sprays  of  stars,  curiously  like  the  horns  of  a  ram, 
while  to  the  west  and  north  are  several  detached  masses  of  stars.  Many  small 
black  spots — some  very  small  and  black — appear  in  the  main  body  of  the  cloud 
itself.  These  last  are  very  striking  objects  on  photographs  made  with  the  lo-ipch 
Bruce  telescope  of  the  Yerkes  Observatory. 

On  the  upper  part  of  the  ''neck"  of- the  cloud  is  the  small  bright  cluster 
Mil,  which  is  shown  as  an  irregular  white  spot.  Its  apparent  connection  with 
the  great  star  cloud  is  probably  a  real  one  and  not  a  matter  of  projection. 

About  one  half  a  degree  above  the  nebulous  star  in  the  lower  right  quadrant 
is  a  curious  elliptical  dark  spot,  with  a  patch  of  stars  in  it. 

Unfortunately,  this  reproduction  is  not  perfect.  The  region  immediately  to 
the  west  and  north  of  the  great  cloud  has  not  been  printed  dark  enough.  This. 
fault  somewhat  accentuates  the  blackness  of  the  sky  close  to  the  edge  of  the 
great  mass.  By  comparison  with  Plates  64  and  65,  however,  the  true  relation  of 
light  and  shade  will  be  recognized. 

Identific\tion  ok  Stars,  Etc 


Object. 
BD-    2''4599    .   .  . 

Mag. 
3 

1855.0 

Place. 

h      m       • 

18  13  47-9 

0        / 
-    2  56.1 

T 

Distance  from  Edge  of 

In         uim. 

I  5=  38              R 

Plate. 

In.     mm. 
0.5=13 

BD-  io'47i3    .  .  . 

5-5 

1855.0 

18  23  23.9 

-  10  53-4 

B 

2.4 

61 

R 

2.3      58 

BD-    9°  4796    .  .   . 

50 

1855.0 

18  34  20.1 

-   9  II. 2 

B 

1 

3.6 

91 

Iv 

3.5      89 

BD-    8^4686    .  .   . 

5-5 

1855.0 

18  35  37.2 

-   8  25.1 

1 

1     1^ 

4.2 

107 

L 

3.3      84 

BD-    4°  4582    .   .  . 

4-5 

18550 

18  39  29.8 

-    4  53.8 

T 

1 

2.8 

71 

L 

2.8    71 

BD- 13°  5172    .  .   . 

5  5 

1855.0 

18  51   15. I 

-13     1-7 

B 

I.I 

28 

h 

0.7      18 

BD-    3^*4460    .   .   . 

5-7 

18550 

18  55  16. 1 

-    3  54-5 

'    T 

2.0 

51 

h 

O.I      3 

Dreyer  6611  -  M  i6 

•      •      • 

1860.0 

18  10  57 

-  13  50.0 

B 

0.3 

8 

R 

0.3      8 

Dreyer  6494  ^  M  26 

•      •      • 

1860.0 

18  37  33 

-    9  32.0 

B 

3-4 

86 

L 

3.0    76 

Dreyer  6705  =  M  1 1 

•      •      • 

1860.0 

18  43  33 

-    6  25.9 

T 

3.8 

97 

h 

2.1     53 

; ' 
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PLATE  63 

GREAT  STAR  CLOUD  III  AQUILA— HEAR  Mil  (EWLARGED) 

(Top  is  north  J  ^  Scale:  i  cm,  =  24',2\ 

1S55.0  a  tf^  41"        <*  -  7*.o 
1895  July  26  Ezposore  4'*  30* 

TliJH  enlargement  shows  some  of  the  features  of  the  great  star  clond  much 
better.  It  is  quite  free  from  defects.  The  "saw-tooth"  projections  on  the  west 
side  are  fairly  well  shown,  and  still  west  of  these  is  a  thin  sprinkling  of  small 
stars.  A  few  of  the  dark  markings  of  the  main  body  are  also  shown.  Immedi- 
ately above  M  ii  are  a  number  of  very  singular  dark  markings  that  are  not  so 
well  reproduced.  From  the  photograph,  it  is  evident  that  the  outlying  stars  of 
M  1 1  cover  a  much  greater  extent  of  the  sky  than  a  telescopic  view  of  the  clnster 
would  indicate.  Apparently,  it  extends  into  a  larger  mass  of  stars  nearly  one  half 
a  degree  to  the  west. 


Identification  of  Stars,  Etc. 


f^ijctt. 

MSK. 

Place. 

h      m           • 

Distance  from  Edge  of  Plate. 

e            / 

In.      mm.                                  In.      mm. 

HI>    9*  479^  .... 

5.0 

1855-0 

18  34  20.1 

-9   II. 2 

B 

2.3  =  58.              R    2.0=51 

lU)    8"  4686  .... 

5.5 

1855.0 

18  35  37  2 

-8  25.1 

B 

3-1     79                R    2.3    58 

HI)-  4'45Ha  .... 

4.5 

1855.0 

18  39  28  9 

-4  53-8 

T 

2.2    56                R    3.1    79 

I)rcyer6694     M26 

•       a       ■ 

1860.0 

18  37  33 

-9  32.0 

B 

2.0    51                R    2.7    69 

Drcyci  6705     M  11 

•        •       • 

1860.0 

18  43  33 

-6  25.9 

T 

3-6    91                 h     2.7    69 

Defects 


DcHcription 
Sttiiill.  whili'.  irrc'uular 

Distance  from  Edge  of  Plate. 

In.      mm.                                           In.       mm. 

B     2.6  =  66                       R     1.1  =  28 

PLATE  64  • 


GREAT  STAR  CLOUD  IN  AQUILA— SOUTH  OF  Mil 


(Top  in  north ) 


1895  August  16 


1855.0  a  i8*'  41' 


(Scale:  icm.sjS'.y) 
d  -8*.o 

Exposure  5*'  lo" 


The  present  picture  shows  the  eastern  part  of  the  great  cloud  very  satisfac- 
torily. The  semi-vacant  lanes  and  the  dark  spots  are  fairly  well  shown,  especially 
in  the  lower  half  of  the  plate.  Other  photographs  show  that  this  remarkable 
cloud  of  stars  diffuses  imperceptibly  into  the  regular  sky  towards  the  east. 


Identification  of  Stars,  Etc. 


f)bjcct. 
BD- 10-4713    .  .  . 

• 

Mag. 
5.5 

1855.0 

Place. 

h      m      • 
18    23    23.9 

- 10  53-4  ^ 

B 

Distance  from  Edge  of  Plate. 

In. 
2.6  = 

mm. 
:    66 

R 

In.     mm. 
0.4=10 

I5D  -   9'  4796    ... 

50 

1855-0 

18  34  20.1 

-  '9  II. 2 

B 

3.6 

91 

R 

2.0     51 

BD  -   8"  4686    .  .  . 

5.5 

1855.0 

18  35  37-2 

-   8  25.1 

B 

4.1 

104 

R 

3.2      56 

BD-   4*4582    .  .  . 

4.5 

1855.0 

18  39  29.8 

-   4  53.8 

T 

1.7 

43 

R 

2.8    71 

BD- 13' 5172    .  .  . 

5-5 

1855.0 

18  51  15.1 

-13     1.7 

B 

X.3 

33 

• 

I. 

2.3     58 

BD-    3"  4460    .  .  . 

5.7 

1855.0 

18  55  16.1 

-   3  54.5 

T 

I.I 

28 

I. 

1.7    43 

BD-   5'4H76    .  .  . 

3 

1855.0 

18  58  34.3 

-   5    5.5 

^ 

1.8 

46 

L 

1.2      30 

Dreyer  6694  =  M  26 

•      •      • 

1860.0 

18  37  33 

-   9  32.0 

B 

I 

3-4 

86 

R 

2.5      64 

Dreyer  6705  =  M  1 1 

•      ■      • 

1860.0 

18  43  33 

-  6  25.9 

T 

1 

2.7 

69 

R 

3.4    86 

PLATE  f55 

GREAT  Star  cloud  in  aquila— near  Mil 

(Tnj)  iK  iiortli)  (Scale:  icni.=43'.3) 

1855.0  a  i8''42™        6    -5'.9 
1892  June  29  Exposure  s"  20™ 

This  early  i)lu)toj{nii)li,  with  an  insufficient  exposure,  or  from  the  use  of  a 
less  sensitive  i)latc,  gives  the  cloud  a  more  isolated  appearance  than  the  other 
l)liites,  in  which  the  rich  rej^ion  of  small  stars  in  the  southeastern  part  is  brought 
out  more  stronj^ly.  The  brijjhter  parts  of  the  cloud  are,  perhaps,  better  shown 
here  near  the  middle  of  the  plate.  It  must  be  studied,  however,  in  conjunction 
with  Plates  62,  63  and  64  which  it  supplements. 


IhKNTIl-ICATlON   OF    St.\RS.    EtC. 


Olijcot. 

MUK. 

h 

I'lace. 

Ill                K 

0              i 

Distance  from 

Edge  of 

Plate. 

In. 

iiini. 

In. 

mm. 

lU)     10-4713 

5-5 

1855.0 

18 

23     23.9 

-  10  53.4 

B 

1-3  = 

=  33 

R 

0.7  = 

=  18 

HI)       9'  479^ 

5" 

1S55.U 

18 

34  20.x 

-   9  II. 2 

B 

2.2 

56 

R 

2.2 

56 

ni>      8"4t>S^ 

5-5 

1855.0 

18 

35  37-2 

-   8  25.1 

B 

2.7 

69 

R 

2.4 

61 

HI)       4'45S^ 

4.5 

1855.0 

18 

39  28.9 

-   5  53-8 

!    T 

2.7 

69 

R 

2.9 

74 

HI>       5'487<^ 

3^> 

i855.^» 

iS 

5«  34.3 

-   5    55 

T 

2.8 

71 

L 

0.7 

18 

l)r«?yrr  6t»iM 

M 

j6 

■      *      « 

i8eH».o 

18 

37  33 

-   9  32.0 

B 

2.0 

51 

R 

2.6 

66 

IhfVfi  ^705 

M 

11 

«     •     « 

lStH).0 

iS 

43  33 

-    6  25.9 

B 

3.7 

94 

L 

2.8 

71 

f  •       «  *       I  " 
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PLATE  66 

IN  AQUILA— NEAR  <S  AQUIL^ 

(Top  is  north)  (Scale:  i  cm.=37'.i)) 

1855.0  a  i8>'54»        d  +I4".3 
1895  August  20  Exposure  5*"  30" 

The  Structure  of  the  Milky  Way  in  this  region  is  fairly  well  brought  out, 
especially  the  cloud  forms  near  <5  Aquilse. 

The  plate  is  quite  free  from  defects,  except  in  the  lower  right  corner,  where 
the  sky  is  a  little  too  light. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

BD+l8''3823     .... 

e  Aquilse 

C  Aquilse 

BD  +  io*'3787 

BD  +  16-3752 

BD+i4'3852 

BD+i2*'3879 

4.1 
3-9 

3.0 
Var. 

5.5 
5-9 
55 

h      ni           8                            0            / 

1855.0     18  40  37.3            +18     1.6 
1855.0     18  53    3.3             +14  52.7 
1855.0     18  58  44.8            +  13  39.0 
1855.0     19    0    9.3             +10  51.2 
18550     19     I  27.3             +16  38.6 
1855.0     19    9  48.7             +14  17.2 
1855.0     19  12  52.7             +12    6.6 

In.      mm.                                   In        mm. 

T     1.0=25                 R     1.0=25 
T    3.0    76                 R     2.9    74 
B    3  5    89                L     2.7    69 

B     1.7    43                 L     2.5    64 
T     1.9    48                L     2.3    58 

B    39    99                h     i-o    25 
B     2.5     64                 h     0.5     13 

«>  V  ^--""Jfav, 


'.'« 


'Ovs 


PLATE  07 

IN  AQUILA— NEAR  6  AQUILiG 

(Top  is  north)  (Scale:  i  cm.=46'.5) 

1855.0  a  igh  12"        S  +2*'. 5 
1895  June  21  Exposure  4*"  5" 

At  the  upper  edge,  near  the  left  corner,  the  plate  is  printed  too  light,  otherwise 
the  reproduction  is  a  fair  one. 

The  most  remarkable  object  is  the  long,  curved  dark  rift  running  from  the 
middle  of  the  plate,  southwards,  and  convex  to  the  west.  It  is  sharplj'  defined  on 
its  eastern  side  where  it  abruptly  breaks  the  continuity  of  the  bed  of  stars,  while 
the  western  edge  is  less  marked.  If  the  stars  west  of  this  rift  did  not  exist,  or  were 
fainter,  it  would  leave  a  cloud-like  form  closely  resembling  that  near  M 1 1  (Plate  65). 
Just  below  its  lower  part  there  is  a  peculiar  radiating  structure  of  short  lines  of 
stars  which  are  rather  brighter  than  those  of  the  immediate  background.  Beyond 
this  are  some  irregular  dark  crevices.  In  a  plate  with  the  lo-inch  Bruce  telescope 
of  the  Yerkes  Observatory  this  object  is  very  remarkable.  It  seems  to  start  from 
a  small  very  black  spot  in  its  south  end  and  to  run  in  a  curved  line  northwards 
and  end  in  dark,  branching  structures.  The  southwest  quadrant  of  the  plate 
shows  the  star  clouds  north  of  the  region  of  Mii. 

There  are  two  palpable  defects;  a  thin  light  streak  in  the  lower  left  corner, 
and  a  short  thin  light  line  one  half  inch  to  the  right  of  BD  —  1°  3732. 


Idextificatiox  of  Stars,  Etc 


Objc-ct. 

0  Serpentis    .  .  . 

A  Aquilae 

d  Aquilse 

IJD-i"  3782  .... 

Mag. 

4.0 

3 

3-2 

4.2 

Place. 

Distance  from  Edge  of  Plate. 

ii      in           9                             0            /                            In.      mm.                                     In.       mm. 

1855.0     18  49    0.8               +4    0.8    '     T    2.4  =  61                 R     0.1=  3 
1855.0     18  58  34.3               -5    5-5         B    0.2      5                 R     1-4    36 
1855.0     19  iS  11.4               +2  50.0         T     3.0    76                 L     2.3    58 
1855.0     19  29  14.3               -I  35.7         B     2.1     53                 L     0.8     20 

i  ;  '  «.' 


PLATE  68 


IN  AQUILA— EAST  OF  Z  AQUIL^ 


(Top  is  north) 

1855.0  a  19*'  14 
1894  September  6 


(Scale:  i  cm.  =  36'. 5) 
^  +I4'.8 

Exposure  2*»  13' 


>m 


This  shows  the  region  between  <?  AquilsB  and  Altair.  The  star  clouds  to  the 
lower  left  side  of  the  plate  are  a  part  of  those  in  which  Altair  is  placed.  The 
dark  holes  near  the  lower  left  corner  are  fairly  well  shown.  The  western  edge  of 
this  cloud  region  opens  on  to  a  very  thin  space,  which  covers  irregularly  a  large 
part  of  the  middle  of  the  plate,  a  smaller  cloud  being  conspicuous  close  west  of 
the  middle.  From  this  on,  to  the  west,  a  brighter  region  is  entered,  about  and 
above  S,  Aquilse.  The  upper  right  quadrant  is  more  or  less  irregular,  with  partial 
vacancies.  The  luminous  portion  two  inches  from  the  bottom  near  the  right  side 
is  partly  unreal. 


Identification  of  Stars,  Etc 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

^  AquilSB 

3.0 

1855.0 

h 
18 

m          ■ 
58   44.8 

+  13  390 

B 

In.       mm. 
3.4  =  86 

R 

Id.      mm. 
1. 1  =  28 

BD  +  io-3787    .  .  . 

Var. 

1855.0 

19 

0    9-3 

+  10  51.2 

B 

1.6    41 

R 

1.2     30 

BD  +  i6°3752    .  .  . 

5.5 

1855.0 

19 

I  27.3 

+  16  38.6 

t 

25    64 

R 

1.5     38 

BD  +  14-3852    .  .  . 

5.9 

1855.0 

19 

9  48.7 

+  14  17.2 

B 

3.8    97 

R 

2.8    71 

BD  +  I2°3879    .  .  . 

5.5 

1855.0 

19 

12  52.7 

+  12    6.6 

B 

2.4    61 

R 

3.3      84 

BD+ii-3833    •  •  • 

5.5 

1855.0 

19 

18    3.4 

+  11  38.7 

B 

2.1     53 

L 

2.6    66 

BD+i9''4o63    .  .  . 

5.8 

1855.0 

19 

28  13.3 

+  19  27.6 

t 

0.7     18 

I. 

I.I     28 

Defects 


Description. 

Distance  from  Edge  of  Plate. 

Small,  light,  irregular 

In.       uim.                                            In.       mm, 

B     3.2  =  81                        R     3.2  =  81 

»\0 


J 


PLATE  69 

III  AQUILA-WEST  OF  a  AQUIL^ 

^Topi^  north.  '.Scale:  i  cm  =46'. 5; 

1855.0  a  19°  26"        6  -r-S*.4 
1895  August  17  Exposure  5'  lo" 


The  plate  is  quite  free  from  defects  except  an  unfortunate  one  that  has 
occurred  in  the  printing.  This  is  on  the  southeast  edge  of  the  upper  dark  mark- 
ing some  3^  degrees  northwest  of  Altair.  This  defect  resembles  a  small  cluster 
of  stars  and  is  found  2.4  inches  from  the  top  and  2.2  inches  from  the  left  side  of 
the  plate. 

This  is  a  very  rich  region  and  the  western  edge  of  the  star  clouds  is  quite 
definitely  marked.  The  small  star  cloud  to  the  right  of  the  middle  strongly 
resembles  the  greater  one  near  M  11  (Plate  65).  A  black  spot  near  its  southwest 
edge,  about  40  minutes  in  diameter,  is  very  noticeable.  On  the  upper  edge  of  this 
hole  is  the  7"*. 8  star  -f  7"^  4028. 

The  singular  dark  markings  northeast  of  Altair  are  striking  features  and  are 
shown  in  my  earliest  photographs. 


Idkntification  of  Stars,  Etc 


Ohjrd. 


MftK. 


HI;  \  2"  3824  .  .  .  ;  5.6 

IJI)  \  I2"3S79    ...       5.5 


HI)+  M*  3H33    .   .   . 
<S  AqiillSB 


5-5 
3.2    ' 


y  AqtiilsB '    30 


Altnir  .  . 
//  AquilcB 


1.2 


I 


I 


I'i  AqtiiiiO '    4.0 


Place. 

h       rti  II 

i«55<^     '9    6  24.0 


1855.0  19  12  52.7 

1855.0  19  18  3.4 

1855.0  19  18  1 1.4 

i«55  f>  19  39  22.0 

i«550  19  43  43.2 

Var.  I  1S55.0  19  45  5-2 

1855.0  19  48  1 1.6 


+  2  2.9 
-fi2  6.6 
+  11  38.7 
+  2  50  o 
+  10  15.9 
+  8  29.3 
+  o  38.2 
+   6    3.0 


Distance  from  Edge  of  Plate. 


In  mm. 

B  1.0  =  25 

T  1.6  41 

T  1.8  46 

B  1.4  36 

T  2.5  64 

T  3.5  89 

B  0.2  5 

B  3.2  81 


In.  nm. 

R  0.6=15 

R  1.5  38 

R  2.2  56 

R  2.2  56 

L  1.5  38 

L  0.8  20 

L  0.6  15 

L  0.3  8 


Dkfkcts 


DfSciiHtioM. 

Distance  from  Kdge  of  Plate. 

In.       mill.                                                 In.       nun. 

Small,  liK^'t.  f^raiiul.'ir 

T 

2.5^     64                                      L       2.2  =  56 

21-L 


PLATK  70 

IN  CYGNUS— REGION  OF  3  CYGNI 

(Top  is  north)  (Scale:  icm.=44'.i) 

1855.0  a  11)^  30"        S  +29''.o 
1893  October  12  Exposure  4**  43'" 

This  very  rich  region  is  much  broken  in  the  southeastern  half  of  the  plate. 
One  remarkable  feature  is  the  coarseness  of  the  stars  in  the  northeast  quadrant 
compared  to  those  to  the  south  and  west  of  (3  Cygpni,  which  are  very  minute,  and 
which  have  the  appearance  of  forming  a  more  or  less  distant  part  of  the  Milky 
Way.     This  diflference  may  be  somewhat  accentuated  in  the  reproduction. 


Identification  of  Stars,  Etc 


Object. 

BD  +  2I°37I3 

BD  +  25''38ii 

BD  +  29'3584 

/3  Cygni 

BD  +  34-3590 

BD  +  23**  3820 

BD  +  3i°  3925 

Dreyer       6853  =  M  27  = 
DumbbeU  Nebula  .  .  . 


Mag. 

Place. 

Distance  from 

• 

Edge  of  Plate. 

h      III           8 

0        1 

In. 

mm. 

In.        mm. 

4.7 

1855.0 

19      9   59.8 

+  21     8.2 

B 

0.9  = 

=     23 

R 

0.6=15 

5-5 

1855.0 

19    16    54.7 

+  25  59.4 

B 

3-5 

89 

R 

1.5      38 

5-2 

1855.0 

19    18    24.5 

+  29  20.2 

1     '^ 

3-5 

89 

R 

1.7    43 

30 

18550 

19  24  53-1 

+  27  39.3 

B 

4.4 

112 

R 

2.5    64 

4.6 

1855.0 

19  26  23.1 

+  34    8.7 

t 

0.9 

23 

R 

2.7    69 

4.6 

1855-0 

19  47  18.1 

+  23  42.0 

1     B 

2.3 

58 

h 

1.2    30 

6.0 

18550 

19  58  55.2 

+  31  48.8 

1 

t 

2  0 

51 

L 

0.1       3 

•      •      • 

1860.0 

19  53  33 

+  22  20.4 

1 

1.6 

41 

h 

0.4     10 

PLATE  71 

IN  AQUILA— NORTHWEST  OF  a  AQUIL^ 
Discovery  of  Comet  189a  V  (1855.0  a  i9»»  3o».oib       5  +ia'  45' ±) 

(Top  is  north)  (Scale:  i  cm.  =46'.5) 

1855.0  a  i9'>  37""        <5  +  i2*.o 

1892  October  12  Exposure  4**  20" 

This  plate,  unfortunately,  is  printed  a  little  too  dark  and  some  of  the  features 
shown  so  well  in  Plate  69  are  nearly  lost  through  an  excess  of  ink.  It  shows 
the  dark  spots  northwest  of  Altalr  fairly  well,  but  not  so  well  as  Plate  69  or  even 
Plate  68. 

This  photograph  contains  the  discovery  of  Comet  V  1892.  The  trail  of  the 
comet  will  be  found  2.5  inches  from  the  right  side  and  3.3  inches  from  the  top 
of  the  plate-  A  lens  of  small  magnifying  power  will  show  it  well.  (See  also 
Plate  loi,  where  an  enlargement  is  given.) 


Idkntification  of  Stars,  Etc. 


Object. 
HD  +  I2"'3879    . 

KD+i3''402o  . 
Comet  V  1892  . 
HI)+i7''4042  . 
y  Aquilae  .  .  . 
HI) +18"  4240  . 
Altair 


fi  Aquilse  .  .  . 

111)4-16^4067    . 
Drcyer  6S3S     M  71 


Mag. 

5-5 

55 
6.0 


43 

30 
4.0 

1.2 

I 

I 
4.0       ; 

Var.   i 


1855-0 
1855.0 

1855.0 
18550 
1855.0 

1855.0 
1855.0 
1855.0 
18550 
1855-0 
iS6().o 


Place. 

li      ni  • 

19    12   52.7 

19    18      3.4 

19   20  53.9 

19  30.0  :t 

19  33  37.2 

19  39  22.0 
19  40  55.2 

19  43  43  2 
19  48  II. 6 

19  49  25.3 
19  47  30 


Distance  from  Edge  of  Plate. 


+  12  6.6 

+  11  38.7 

+  13  59-4 
+  12  45rb 

+  17  41-6 
+  10  15.9 
+  18  10.5 


In  mm. 

T  3.6  =  91 

T  3.9  99 

T  2.6  66 

T  3.3  84 

T  0.6  15 

B  3.3  84 

T  0.4  10 


+  8  29.3  I  B  2.4  61 

+  6  3.0  B  i.o  25 

+  16  15.4  T  1.4  36 

+ 18  24.9  T  0.3  8 


In.  mm, 

R  0.2=  5 

R  0.9  23 

R  1-3  33 

R  2.5  64 

R  30  76 

L  ^7  69 

Iv  2.5  64 

L  2.2  56 

L  1.6  41 

L  1.4  36 

I^  1.7  43 


PLATE  72 

IN  SAGITTARIUS 

(Top  IS  ijorth)  (Scale :  i  cm.  =36'. 2) 

1855.0  a  19b  55»        8  -  I3'.5 
1894  October  2  Exposure  2**  35" 


The  short  trails  to  the  brighter  stars  are  due  to  trouble  with  the  driving 
clock.  The  slight  inequalities  of  illumination  are  not  real.  The  background 
should  be  uniforml}^  dark  with  the  exception  of  the  small,  curved  nebula  (Dreyer 
6822)  near  the  right  edge. 


Identification  of  Stars,  Etc. 


Object. 

• 

Mag. 
6.2 

Place. 

Distance  from  Edge  of  Plate. 

BD-   8"  5154   .  .  . 

18550 

h      ni           ■ 
19   46   46.9 

e             / 

-  8  36.1 

T 

In. 
0.2- 

Dim. 

=  5             R 

Ib.       an. 
23  =  58 

BD- 15"  5516    .  .  . 

5-3 

1855.Q 

19  49  43-7 

- 15  52.4 

B 

2.6 

66                R 

2.7     69 

BD  -  14"  5618    .  .   . 

5-8 

1855.0 

19  53  50.7 

-14    17 

B 

3.8 

97                R 

3.4    86 

BD-   9°  5382    .  .  . 

6-5 

1855.0 

20    3  18.9 

i 

-   9  16.0 

t 

0.6 

15                L 

2.0    51 

IX. i  Capricorni    .  . 

3.8 

1855.0 

20  10    0.5 

-12  59.1 

t 

3.1 

79                L 

i.o    25 

BD- 19"  5776    .  .  . 

5-7 

18550 

20  II     1.6 

- 19  33.8 

B 

O.I 

3                L 

i.o    25 

ft  Capricorni  .  .  . 

3 

1855.0 

20  12  51.8 

-15  138 

B 

29 

74                L 

0.6    15 

Dreyer  6822  .... 

.     •     » 

1860.0 

19  37     3 

-15    6 

B 

3.0 

76                R 

0.6    15 

PI.ATE  73 


IN  SAGITTA 


(Top  is  north) 

1855.0  a  19*'  56"* 
1894  September  5 


(Scale:  i  cm.=4o'.9) 
S  +I9*.6 

Exposure  3**  o™ 


In  the  upper  half  of  the  picture  is  the  Dumbbell  Nebula,  which  appears  like  a 
large  star. 

This  is  a  region  of  relatively  small  stars — apparently  a  large  bed  or  cloud 
of  stars,  which,  in  the  upper  part  of  the  plate  and  to  the  right,  assumes  structural 
forms. 

Along  the  right  edge,  especially  in  the  upper  part,  the  printing  is  a  little 
light  and  the  feeble  illumination  is  not  due  to  nebulosity. 

The  relative  positions  of  BD  +  14°  4219  and  +  14°  4221  do  not  agree  with  the 
BD  chart. 


Identification  op  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

BD4-22*'3S33 

BD  +  23''3820 

BD  +  15'4033 

BD4-23''3896 

BD+i4''42r9 

BD  4- 14- 4221 

BD  +  M**  4227 

Dreyer      6853  =  M  27  = 
Dumbbell  Nebula  .  .  . 

5-7 
4.6 

5.0 
52 

7-3 
9.0 

•      •      • 

h        m         t                      0           / 

1855.0  19  44  48.9         +22  14.2 
1855.0  19  47  18. 1         +23  42.0 
1855.0  19  56  52.3         + 15  38.4 
1855.0  20    0  39.7         +23  11.9 
1855.0  20    5  22.9         +  14  56.5 
1855.0  20    5  33.1         +14  56.9 
1855.0  20    7  33.5         +14  45.5 

1860.0  19  53  33            +22  20.4 

In.       mm.                        In.      mm. 

T    2.1  =  53           R    1.9=48 

T    I.I    28           R    2.3    58 

* 

B     1.9    48           L     3.2    81 
T    1.4    36          L    2.7    69 

^B    1.5    38          h     1.9    48 

B     1.4    36           h     1.5    38 
T    2.0    51           R    3.2    81 

s 
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PLATE  74 


IN  CTGNUS 

(Top  is  north) 

1855.0  ex  19"  58" 
1892  October  20 


(Scale:  1  cni.=36'.8) 

5  3/.5 

Exposure  $^  o" 


This  is  one  of  the  richest  parts  of  the  Milky  Way.  Though  not  so  striking 
as  the  wonderful  star  clouds  in  Sagflttarius  it  is,  in  some  ways,  equally  interesting. 

In  the  upper  left  quadrant  is  y  Cygfni  and  its  region  of  nebulosities.  Unfortu- 
nately, most  of  these  nebulosities  are  lost  in  the  reproduction. 

The  northwestern  part  of  the  plate  is  covered  with  a  dense  and  uniform  bed 
of  stars  which  completely  hides  the  background  of  the  sky  and  which  rather 
abruptly  terminates  near  the  middle  of  the  diagonal  from  y  Cygni. 

A  striking  feature  of  the  picture  is  the  great,  darker,  parabolic  form  stretch- 
ing southwards,  near  and  below  the  middle  of  the  plate,  the  edges  of  which  are 
rather  definite  and  which  seems  to  be  a  sunken  region,  farther  away  from  us  than 
the  bright  region.  At  the  middle  of  the  plate  is  a  sharply  defined,  flat,  triangular 
spot,  some  40  minutes  long,  in  which  there  are  few  stars.  A  straggling,  brighter 
region,  containing  some  much  brighter  stars,  runs  southwest  from  y  to  below  the 
middle  of  the  plate.  The  southeast  quadrant  seems  to  be  covered  with  a  very  thin 
sheeting  of  stars  through  which  the  background  of  the  sky  is  visible.  Any  one 
interested  in  the  subject,  will  find  in  this  darker  region  a  remarkable  variety  of 
curved  lines  of  stars  and  vacant  lanes. 

The  **new  star"  of  1600,  P  Cygni,  is  shown,  as  indicated  in  the  list  below,  a 
couple  of  inches  to  the  south  of  y  Cygni. 

The  small  size  of  the  image  of  the  star  BD  4-  39°  4114  (5^.4)  shows  that  the 
star  must  be  either  red  or  variable. 


Identification  ok  Stars,  Etc 


Object. 

Mag. 

1 
1 

•  - 

h 

III 

Place. 

8 

0         / 

Distance  from 
In.          mm. 

Edge  of  Plate. 

In.      mm. 

BI>  +  33°  3587     .   .   . 

5-4    1 

1855.0 

19 

40 

56.3 

+  33  23.6 

B 

2.7  = 

:     69 

R 

0.8  =  20 

BD  +  38^3817     .   .   . 

55 

18550 

19 

50 

41-3 

+  38    6.2 

t 

2.9 

74 

R 

2.3      58 

BD  +  34   379«    .  ■ 

.42, 

1855.0 

19 

50 

51.8 

+  34  41  9 

B 

3.5 

89 

R 

2.2      56 

BD  +  39\396S     .   . 

5« 

■1855-0 

19 

52 

1 1.0 

+  39  58.8 

t 

1.7 

43 

R 

2.5      64 

BD  +  36'3806    .   . 

5S 

1855  0 

19 

54 

3^.r 

+  36  387 

T 

39 

99 

R 

2  7      69 

B  1^  +  35^3930    •   . 

7.0 

18550 

19 

5«^ 

4-7 

+  35  37-5 

B 

41 

104 

R 

3-2    81 

BO +  31'  3925    .   .  . 

6.0 

1855.0 

19 

58 

55.2 

+  31  48.8 

B 

1.6 

41 

R 

3.2      81 

BD-H  39^4114    •   .  . 

5-4 

18550 

20 

1 1 

45-4 

+  39  54.9 

T 

1.8 

46 

h 

1.8    46 

P  Cygni 

Var.   , 

18550 

20 

12 

j6  I 

+  37  34.9 

T 

3.3 

84 

h 

1-7    43 

Irregular  nebula 

•      •      • 

J855.'' 

20 

r2\ 

+  41  30 

T 

O.S 

20 

h 

1.8.    46 

y  Cygni 

2.8 

18550 

20 

17 

2  2 

■+  39  47-5 

t 

1.8 

46 

L 

1.2    30 

HD  +  37^3916    .  . 

•    6.U 

1S55.0 

20 

iS 

19.0 

■r    37        0.6 

T 

3-7 

94 

L 

09    23 

BI)  +  29'  4057    .  . 

4-5 

i855«> 

2<J 

23 

2S.9 

-1  29  52.7 

B 

0.4 

lU 

h 

0.1       3 

Nebula 

' 

1855.0 

20 

24 

+  39  30 

T 

2.0 

51 

L 

0.4     10 

^b     V     ^^     «/^V*WV          ■              W               9               V               *               V 

PUb: 
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PLATE  75 


IN  VULPECULA 


(Top  is  north)  (Scale:  i  cm.  =37'.4) 

1855.0  a  2o**  12"        5  +26".7 
1895  September  20  *  Exposure  4**  oF  ' 

There  are  some  cloud-like  structures  in  this  region,  especially  in  the  upper 
right  quadrant  and  near  the  middle  of  the  plate.  The  reproduction  is  not  as 
clean  cut  as  it  should  have  been,  but  in  general  it  is  not  otherwise  defective.  The 
bright  patch  just  below  the  center  is  not  nebulosity;  the  stars  have  been  somewhat 
blurred  in  the  reproduction. 

An  irregular  chain  of  stars  runs  nearly  across  the  plate  from  west  to  east, 
passing  by  the  two  conspicuous  stars  below  the  middle. 


Identification  of  Stars,  Etc 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

BD  +  27**3587 

BO  +  3i''3926 

BD  +  25*'  4165 

BD  +  29'*4057 

BO  +  3i**4i59 

BO  +  31*'  4160 

60  +  20"  4658 

60  +  23^4084 

Dreyer  6853  =  M27  = 
Dumbbell  Nebula  . 

Dreyer  6885 

Dreyer  6940 

5.0 
6.0 
5.2 
4.2 
6.2 

6.4 
4.7 
5.3 

•   *.  * 
.  •  . 
.  .   • 

h      m           t                           0           / 

18550     19  55    8.3            +27  21. 1 

1855.0     19  58  55.2            +31  48.8 

• 

1855.0    20    9    7.3            +25    9.0 
1855.0    20  23  28.9            +29  52.7 
1855.0    20  31  37.9            +31    4.0 
1855.0    20  31  38.8            +31     1.0 
1855.0    20  32    2.5            +20  41.5 
1855.0    20  32  13.2            +23  36.6 

1860.0    19  53  33               +22  20.4 
1860.0    20    6    7               +26    4.3 
1860.0    20  28  43               +27  50.1 

In.         mm.                       In.      maa, 

T    3.2=  81         R    1.3=33 
T    0.4       10         R    2.0    51 

B    3-7      94         R    3.3    84 
T     1.7      43         L     1.7    43 

I^T    0.9      23         L    0.6    15 

B    0.9      23         L     0.5     13 
B    2.7      69         L    0.5     13 

B    2.0      51         R    0.9    23 
T    4.1     104         R    2.8    71 
T    3.0      76         L     1.0    25 

•                               ■ 

AST  CO 

_-Mf.  <     AN  3 

T.LD    M 

-r'      0*  ■  •":••<? 

PLATE  76 


THE  NEBULOUS  REGION  OF  y  CTGNI 


(Top  is  north) 


(Scale:  i  cm.=44'.i) 
1855.0  a  2o»'  14"        (5  +  42*. o 
1894  June  7  Exposure  4**  17" 


The  immediate  vicinity  of  y  Cygfni,  for  several  degrees,  is  filled  with  patches 
and  masses  of  nebulosity,  some  of  which  are  shown  on  the  plate,  but  most  of 
which  have  disappeared  in  the  reproduction. 

It  will  be  noticed  that  y  Cyg^i  is  in  a  region  of  considerably  brighter  stars 
than  the  average  of  the  plate.  These  are  especially  noticeable  southward  from 
that  star.     P  CygrA  is  in  one  of  the  brightest  patches  of  stars. 

A  long  exposure  photograph  of  this  part  of  the  sky  with  the  lo-inch  Bruce 
telescope  of  the  Yerkes  Observatory,  shows  it  to  be  a  most  extraordinary  region, 
filled  with  patches  and  masses  of  nebulosity,  some  of  which  are  very  interesting. 


Identification  of  Stars,  Etc. 


Object.                     Mag. 

Place. 

Distance  from  Kdge  of  Plate. 

<5  Cvfimi 

3.0 

5-5 
4.2 

5.8 
5-8 
7.0 

•      •     • 

Var. 
2.8 
6.0 

h      m            t                       0           / 

1855.0    19  40    27.2           +44  46.5 
1855.0     19  50    41.3           +38    6.2 
1855.0    19  50    51.8           +34  41.9 
1855.0    19  52     II. 0           +39  58.8 

• 

1855.0     19  54    36.1           +36  38.7 

1855.0     19  58      4.7           +35  37-5 
1855.0    20    8    45.7           +46  22.6 

1855.0     20  I2i                    +41  30 

1855.0     20  12     26.1           +37  34.9 

1855.0    20  17       2.2           +39  47.5 

1855.0     20  18     19.0           +37    0.6 

1855.0     20  24                      +39  30 

1855.0     20  36     30.7           +44  45.6 

1860.0     19  59     II               +43  36.2 

In.       mtn.                                In.      mm. 

T     1.7  =  43                R    o-i=  3 
B     2.5     64                 R    0.9    23 

B    0.7     18                 R    0.8    20 

.    B     3.5     89                 R     I.I     28 

B     1.7    43                 R     1.3    33 
B     1.2     30                 R     1.6    41 
T     1.0     25                  R     2.8    71 
T    3.7    94                R    3.2    81 
B     2.2     56                 R     3.2    81 
B    3.4    86                 L     2.8    71 
B     1.9    48                 L     2.6    66 

B       3.2       81                              ly        2.2        56 

T     1.8    46                 L     1.0     25 
T     2.4    61                 R     1.9    48 

BD  +  38*'38i7    . 

BD  +  34''3798    • 
BD  +  39°  3968    .  . 
BD  +  36*'  3806    .  . 
BD  + 35^*3930    . 
BD  +  46'*288i     . 
Irregular  nebula 
P  Cverni  .... 

y  Cvfirni 

1^0  +  37"  3916    .  . 
Nebula 

ix  CvErni 

1.7 

... 
• 

Dreyer  6866   .  .   . 

Tl 


* '  *-      .  r  •'  ,,       ^^* 


PLATE  77 


REGION  OF  THE  NORTH  AMERICA  NEBULA  (H  V  37  Cygni) 


(Top  is  north) 

1855.0  a  20"  38" 
1894  October  3 


(Scale:  icm.=38'.o) 

^  +45'.5 

Exposure  3''  15™ 


The  Star  a  Cygrni  occupies  the  middle  of  the  picture.  To  the  left  is  the  great 
nebula  Herschel  V  37  =  Dreyer  7000.  This  remarkable  object  was  discovered  by 
Wm.  Herschel,  who  saw  it  as  a  diffused  nebulosity  in  the  Milky  Way.  The  first 
photographs  of  it  which  showed  its  singular  form,  were  made  by  Dr.  Max  Wolf, 
who  happily  named  it  the  '*  North  America  Nebula."  The  almost  vacant  region 
south  and  west  of  it  is  covered  with  patches  of  this  nebulous  matter  that  are 
mostly  lost  in  the  reproduction,  and  which,  in  a  fainter  form,  perhaps,  extend  to. 
and  connect  with  the  nebulosities  about  y  Cygfni,  which  are  shown  in  the  lower 
right  corner.  This  great  nebula,  as  will  be  seen,  is  on  the  abrupt  end  of  a  flat 
square-shaped  mass  of  stars  that  extends  for  some  degrees  northwards,  and  is 
broken  on  each  side  by  peculiar  dark  indentations.  From  the  close  association 
of  the  nebula  with  the  end  of  this  mass  of  stars,  one  would  infer  that  they  are 
actually  connected,  but  the  nebulosity  shows  no  tendency  to  condense  about  any 
of  the  stars.  This,  however,  is  not  surprising,  for  we  have  numerous  instances 
where  stars  and  nebulosity  apparently  freely  mix  without  any  individual  conden* 
sation. 


Identii^icatign  of  Stars,  Etc 


Object. 

Mag. 

Place. 

Distance  from  Edge  of  Plate. 

30  +  46**  2881     . 

5.0 

h      m           8 

1855.0    20    8  45.7 

0       / 
+  46  22.6 

T 

In 

30  = 

mm. 
=  76 

R 

In. 
0.3  = 

BUQ. 

=  8 

r  Cygni .... 

2.8 

1855.0    20  17     2.2 

+  39  47-5 

B 

0.5 

13 

R 

0.9 

23 

BD  +  48"3r42    . 

4.9 

1855  0    20  25  34.9 

+  48  28.2 

T 

1.7 

43 

R 

2.1 

53 

a  Cygni  .... 

1.7 

1855.0    20  36  30.7 

+  44  45  6 

B 

3-5 

89 

R 

3-3 

84 

BD  +  49'3353    " 

5-7 

1S55.0    20  37  44.6 

+  49  49-3 

T 

0.9 

23 

R 

3.4 

86 

Bl^  +  43''3755    - 

5.4 

1855.0    20  48    7.7 

+  43  50.3 

B 

30 

76 

I. 

2.4 

61 

30  +  40"  4364 

4.0 

1855.0    20  51  46.6 

+  40  36.7 

B 

1.0 

25 

L 

1.9 

48 

60  +  49**  3426    < 

5.5 

T855.0    20  53  51.7 

+  49  54  2 

T 

o.S 

20 

I. 

2.0 

51 

BD  +  46°3I33    • 

5-3 

1855.0    20  54  53.8 

+  46  57-4 

T 

2.6 

66 

L 

1.8 

46 

BD  +  45'3364    . 

5.7 

1855.0    20  56    71 

+  45  35-3 

T 

3-5 

89 

L 

1.6 

41 

Dreyer  6991   .  . 

•      •      • 

1860.0    20  49  52 

+  46  44.6 

T 

2.7 

69 

L 

2.2 

56 

THE  T>'EV,'  vrP.K 

PUBLIC  I.!F-'/.RY 


A8T0»».  LK^OX    AND 
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PLATE  78 


IN  CYGNUS  — REGION  OF  THE  NORTH  AMERICA  NEBULA 


(Top  is  north) 

1855.0  a  20*'  57' 
1893  October  5 


(Scale:  i  cm.  =43'. 7) 
5  42^.6 
Exposure  6*'  5* 


•m 


This  plate  perhaps  shows  this  general  region  better  than  Plate  77.  The 
masses  of  nebulosity  in  the  vacant  space  west  of  the  North  America  Nebula  are 
better  shown.     The  great  nebula  itself  is  a  striking  feature. 

The  sheeting  of  stars  in  the  lower  and  left  part  of  the  plate  seems-  to  be 
of  a  more  or  less  streaky  nature  in  parts,  as  if  some  general  trend  of  streams  of 
.  stars  in  that  region  were  indicated.  I  have  noticed  this  peculiarity  in  many  parts 
of  the  Milky  Way,  some  of  which  are  more  marked  than  in  this  case.  The  gen- 
eral impression  is  that  all  the  stars  in  each  of  these  '* flows,"  if  we  can  so  call 
them,  are  drifting  in-  some  general  direction. 


Identification  of  Stars,  Etc 


(Object. 

u  Cygni 

Mag. 
1.7 

1855.0 

ii 
20 

Place. 

m          ■ 
36   30.7 

Distance  from 

Edge  of  Plate. 

+  44  45.6 

T 

In. 

1.8  = 

mm. 
=  46 

K 

In.      nin. 
0.9=23 

HI>  +  43'3755    •  •  • 

5.4 

1855.0 

20 

48      7.7 

+  43  50.3 

T 

2.4 

61 

R 

2.0      51 

HI)  i  40-4364    .  .  . 

4.0 

1855-0 

20 

51  46  6 

+  40  36.7 

B 

27 

69 

R 

2.3      58 

HI) +  46' 3133    .  •  • 

5-3 

1855.0 

20 

54  53-8 

+  46  57.4 

T 

0.7 

18 

R 

2.7      69 

HI >  + 45^3364    .  .  . 

5-7 

1855.0 

20 

56    7.1 

+  45  35-3 

T 

1.4 

36 

R 

2.8    71 

HI)4.43"3Hoo    .  .  . 

4.0 

1855.0 

20 

59  40.7 

+  43  21. 1 

T 

2.7 

69 

h 

2.9    74 

61  Cygni 

5.0 

1855.0 

21 

0  24  5 

+  38     25 

B 

1.3 

33 

L 

2.8    71 

HI) +  37'*  4240    .  .  . 

4.0 

1855.0 

21 

7  59.8 

+  37  25.3 

B 

I.O 

25 

L 

1.9    48 

HI)-M3"3«77    .  .   . 

5.3 

1855.0 

21 

13    3-9 

+  43  20.2 

T 

2.7 

69 

L 

1.6    41 

HI)  <- 36"  4568    .  .  . 

50 

1855.0 

21 

21  26.0 

+  36  29.5 

B 

0.5 

13 

L 

0.5     13 

DrcycT  6991    .... 

•      •      • 

1860.0 

20 

4.  52 

+  46  44.6 

T 

0.7 

18 

R 

2.3    58 

i  r  T  •"■ 


l;^ 


i-^  i..  1  ^ 
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PLATE  79 

IN  CYGNUS  —  BETWEEN  €  AND  A  CYGNI 

(Top  is  north)  (Scale:  i  cm.  =37'.!) 

1855.0  a  2o"»  42"        6  +  54'*.8 
1894  September  25  Exposure  5'>  20'" 

In  the  lower  part  o^  the  plate  are  the  two  singular  nebulosities  Dreyer  6960 
and  6995.  Between  them  is  an  intricate  system  of  nebulous  strips  and  patches 
that  seems  to  connect  the  two  main  masses. 

There  is  a  rather  dark  region  running  down  to  the  right  of  the  middle  of  the 
plate  and  broadening  out  into  a  wider  space  in  the  lower  right  quadrant  to  the 
right  of  Dreyer  6960. 

In  the  upper  part  of  the  photograph  some  singular  curved  vacant  lanes  can 
be  made  out  among  the  stars.  Gamma  Cygni,  and  its  nebulous  region,  occupies 
the  upper  right  corner. 


Identification  of  Stars,  Etc. 


Object. 


r  Cygni .  .  . 

BD  +  29'4057 
BD+31'4159 

BD  +  3i'*4i6o 

BD  +  30M167 
BD  +  33'*4oi8 
BD  +  35^4267 
61  Cygni  .  . 
BD  +  29"4348 
BD  +  37'*424o 
Dreyer  6940  . 
Dreyer  6960  . 
Dreyer  6995  . 


Mag. 


Place. 


2.8 
4.2 
6.2 
6.4 

4.3 
2.6 

4.7 
5.0 
30 
4.0 


Distance  from  Edge  of  Plate. 


1855.0 
1855.0 
1855.0 
1855.0 
1855.0 
1855.0 
18550 
18550 
1855.0 
1855.0 
1860.0 
1860.0 
1860.0 


h      m         I 
20   17      2.2 

20   23   28.9 

20  31  37  9 
20  31  38.8 
20  39  40.0 
20  40  21. 1 

20  41  46.7 

21  o  24.5 
21  6  46.3 
21  8  59.8 
20  28  43 

20  39  53 
20  51  20 


+  39  47.5 
+  29  52.7 

+  31  4.0 
+  31  i-o 
+  30  1 1.3 
+  33  25.4 
+  35  57-7 
+  38  2.5 
+  29  37-8 

+  37  25.3 
+  27  50.1 

+  30  12.8 
+  30  40.7 


In. 


mm. 


T  0.3  =  8 
B  1.7    43 


B  2.4 


B  4.0 

T  2.9 

T  1.5 

B  1.6 

T  1.9 

B  0.3 

B  1.8 

B  2i 


61 


B  1.8    46 


102 

74 
38 
41 
48 
8 
46 
64 


In.  mm. 

R  0.3  =  8 
R  0.8   20 


R  2.0   51 


R  31 

R  3-2 

R  3.4 

It  1.4 

h  0.2 

L  0.3 

R  1.5 

R  3.1 

L  2i 


79 
81 

86 

36 

5 
8 

38 

79 
64 


Dbifects 


Description. 

Distance  from  Kdge  of  Plate. 

White,  irrei'ular 

III.        mm.                                            In.       mm. 

B    0.1--3                      L    0.6=15 

PLATE  80 

THE  NEBULA  DREYER  6960  AND  6996  (ENLARGED) 

(Top  is  east)  (Scale:  i  cm.  =  2o'.9) 

1855.0  a  20*»  42"        8  +3i'.o 

1894  September  25  Exposure  5*»  20" 

This  enlargement  shows  fairly  well  the  relative  positions  of  these  two  sin- 
gular nebulae.  Some  of  the  irregular  nebulosities  between  them  are  also  shown, 
but  the  plate  is  printed  too  dark  for  the  fainter  ones.  Long  exposure  plates  with 
the  Bruce  lo-inch  telescope  of  the  Yerkes  Observatory,  almost  fill  the  space 
between  the  brighter  nebulae  with  wispy  masses  of  nebulosity  which  seem  to  con- 
nect the  two. 

Dr.  Dreyer,  in  N.  Cr.  C,  identifies  the  bright  star  (BD  +  30°  4167)  in  the 
nebula  6960  as  ''^Cygni."  This  is  erroneous.  It  is  52  Cygnl — the  star  Kappa 
being  some  25  degrees  to  the  northwest  of  the  nebula,  according  to  Proctor's 
Chart  and  the  Greenwich  Ten  Year  Catalog  of  6892  Stars  for  1890. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from 

Edge  of  Plate. 

BD  +  3i'*4i59 
BD  +  3i'*4i6o    . 

6.2 
6.4 

1855.0 
18550 

h     ni         c 

20  31  37-9 
20  31  38.8 

0 
+  31 

+  31 

4.0 

I.O 

B 

In.     mm. 
1.4  =  36 

R 

In.     mm. 
2.5  =  64 

BD +  30*' 4167    . 

4-3 

1855.0 

20  39  40.0 

+  30 

"•3 

B 

3.3      84 

L 

3.0      76 

BD  +  3i**42i7 

7.2 

1855.0 

20  40  54.3 

+  31 

53.4 

B 

3.7    94 

R 

1.6    41 

60  +  32-3974 

6.7 

1855.0 

20  46    6.7 

+  32 

18. 1 

T 

3.1     79 

R 

1.2    30 

BD +  31' 4254 

6.7 

18550 

20  47  33-7 

+  31 

50 

t 

2.8    71 

R 

2.6    66 

BD  +  27'*  3909 

7.0 

1855.0 

20  48  13.2 

+  27 

58.3 

t 

2.6    66 

h 

0.4    10 

BD  +  3i*'4292    . 

7.0 

1855.0 

20  52  42.7 

+  31 

5.4 

t 

1.5    38 

R 

2.5    64 

Dreyer  6940  .  . 

•      •      • 

1860.0 

20  28  43 

+  27 

50.1 

In  lower  left  corner 

PLATE  81 

IN  CYGNUS— NEAR  ;r  CYGNI 

(Top  is  north)  (Scale:  i  cm.  =36'. 2) 

1855.0  a  21*"  41'°        6  +5o^o 
1895  September  22  Exposure  4*  is" 

The  plate  is  quite  free  of  defects  with  the  exception  of  a  very  small  black 
spot  near  the  right  edge,  which  will  deceive  no  one. 

The  structure  of  the  Milky  Way  is  well  shown  here.  Below  the  middle  and 
slightly  to  the  left  is  a  small  nebula  at  the  end  of  a  dark  channel,  which  runs 
west  for  about  90  minutes  of  arc.  This  object  is  shown  on  one  of  my  plates  made 
1893  October  11  (see  Ap.  J.  21,  47,  1905).  Dr.  Max  Wolf  has  given  a  photograph 
of  the  nebula  in  M.  N,  64,  838,  1903-4,  which  was  made  1904  July  10. 

The  stars  of  this  part  of  the  Milky  Way  seem  to  be  very  small.  There  are 
some  small  vacant  spots  near  the  middle  right  edge,  respectively  one  half  inch, 
and  one  inch  above  the  small  black  defect.  There  are  also  some  irregular  dark 
structures  just  above  the  middle  of  the  plate.  Another  broad  dusky  streak  runs 
upwards  diagonally  to  the  left  from  the  dark  lane  referred  to. 


Identification  of  Stars,  Etc 


Object. 


BD  +  48"3345 
Dark  hole  .  . 


Bn  +  49''35i7 
BD  +  so"  3410 

BD  +  48'3504 
BD  4-  ss*"  2639 
80  +  52"  3083 
BD  +  50°  3602 


Mag. 


Dreyer  2d  Index  Cataloir 
5146 '. 


5.4 


9.0 

5.1 

4.5 
6.0 

53 
6.0 


Place. 


h   m  ■ 

1855.0  21  14  30.0 

1855.0  21  19  O 

1855.0  21  19  51.5 

1855.0  21  36  56.3 

1855.0  21  41  26.1 

1855.0  21  47  8.2 

1855.0  21  56  32.5 

1855.0  22   5  32.9 

1860.0  21  48  6 


+  48  53  9 

+  49  35 

+  49  36.6 

+  50  315 

+  48  38.3 

+  55     7.1 
+  52    II.O 

+  50    6  6 


Distance  from  Edge  of  Plate. 


In.  mm. 

B  3.2  =  81 

B  3.6  91 

B  3.6  91 

T  3.1  79 

B  2.9  74 

T  0.1  3 

T  2.0  51 

T  3-3  84 


+  46  36.3     I     B     1.6     41 


In  mm. 

R  0.2=   5 

R  0.7  18 

R  0.7  18 

R  2.6  66 

R  30  76 

L  2.6  66 

L  1.6  41 

L  0.6  15 

L  2.3  58 


Dki-ects 


Description. 


Small,  black 


Distance  from  Kdge  of  Plate. 


In.       iiMii 

B     30  =  76 


In.       mm. 


R    0.6=15 


lit. 

PUBLiC  ...; 


A8TOR.    LFNOX    AND 
TILD    N    ro  i-.OA  I  lON^ 


27-L 


(TopUnoith) 

1893  October  13 


PLATE  82 
NEBULOUS  REGION  IN  CEPHEDS 

(Scale:  I  cin.=36'.8 


S  +58VO 


Exposure  7'  o* 


The  main  feature  in  this  plate  is  the  large  nebulous  cluster  a  littl 
west  of  the  middle  of  the  picture.  The  nebulosity  is  remarkable  for  t 
dark  lanes  that  ramify  it  in  various  directious  —  especially  to  the  nortl 
west.  There  are  three  sets  of  these  lanes,  each  one  leading  to  a 
region  of  the  adjacent  sky.  The  irregular  vacancy  about  one  degre< 
the  lower  part  of  the  nebula  is  sharply  deBned  at  its  edges  and  resei 
what  the  vacancies  northwest  of  Altair  (Plate  69).  This  spot  sends  up  i 
dark  channel  through  the  western  part  of  the  nebula  for  nearly  t' 
There  is  no  tendency  of  this  nebulosity  to  condense  about  the  stars 
apparently  in  it. 

There  is  a  black  spot  3.3  inches  from  the  top  and  2.8  inches  fr< 
that  has  a  small  island  of  stars  in  it.  The  bright  star  in  the  upper  i 
is  a  Cephei. 


Identification  of  Stars,  Etc. 


Object,                      Mag. 

Pi»«. 

r 

DifUnce  (ro 

-— »•     1 

BD  +  S7°i309 

6 

5 

■855 

0 

I   13  il-l 

+  57  58-9 

T 

3°2  =  8T 

h 

1.0=25 

<t  Cephei  .  . 

3 

0 

«855 

0 

1   15  10 

+  61  58.4 

•^ 

0.7     18 

R 

1.4    36 

ni)  +  54°2544 

6 

1 

1855 

0 

1   14   198 

+  54  47-3- 

» 

1.4    6. 

R 

1.8    46 

BlH-56°  J617 

6 

3 

1S55 

0 

I  34  19-8 

+  56  49-7 

B 

3-7    94 

K 

1.8    71 

BD  +  57°  1374 

7 

J 

1855 

0 

1  37  53° 

+  57    4-7 

B 

3-8    97 

R 

3.1     79 

BU  +  6o"ii88 

4 

5 

1 855 

0 

I  41   '7  3 

+  60  16.2 

T 

1.8    46 

R 

3-4    86 

BD  +  S5"*639 

6 

0 

1855 

0 

1  47    8.1 

+  55     7' 

•f 

1.6    66 

L 

3.3    84 

iin + 52°  3U83 

5 

3 

185s 

0 

1  56  33- S 

+  5i  ii-o 

B 

0.7     18 

L 

»-3    58 

BD  +  S7°*44i 

6 

4 

:855 

0 

1  57   ".0 

+  57  iS.o 

T 

3.8    97 

I. 

1.5    64 

BD  +  57"*47S 

J 

1 

1855 

0 

2     5  49  6 

+  57  »9.3 

T 

36    91 

L 

1-7    43 

BD +  56'"  3403 

5 

6 

■855 

0 

2    637.7 

+  5841.8 

T 

2,3    71 

L 

1.7     43 

Ill)  +  57°  1548 

Vnr. 

■S55 

" 

2  23  49- 1 

+  57  40.9 

T 

3  3    84 

L 

0,2      5 

PLATE  «J 


IM  CCP0E0S-  HOETHEAST  OF  a  CEPHEI 


2^  Stj/tenlMrr  24 


Some  of  th<r  prints  of  this  plate  have  a  triangular-shaped,  slightly  laminoas 
<ht(^<:i  in  tb<i  lower  half  of  the  picture  an  inch  or  more  in  diameter.    There  is 
ilUfiXH^d  n<rbulo*>ity  shown  on  the  plate.     The  bright  star  in  the  lower  right 
of  ih*i  picture  is  a  Cephel. 

Kvidcntly  much  structure  would  show  here  with  a  still  longer  exposure, 
thcrre  are  indications  of  a  bed  of  very  faint  stars  to  the  east  of  a  Ce^iei  and  a 
tially  vacant  region  in  the  east  half  of  the  plate.    The  star  BD  +  67^  1332  is 
nebulous. 


Identification  of  Stars,  Etc. 


obJ«ti. 


(t  Cephei  .  . 
UD^^f  1339 
ni>^67"  13^2 
HI)  4  64*  i6<>7 
JU)4  63''  iHtt2 
HI)  ♦  6/  aioa 
HI)  ♦65"  iKf4 
I)rc*yc?r  7023  . 
DreytT  7r42  . 


6.8 

H.3 
6.5 

I    4.5 

53 

I 

3« 


Place. 


1855.0  21    15   10 

1855.0  31  33  48 

1855.0  21   34   12 

1855.0  21    51   42 

1855.0  21    59  36 

1855.0  22   33   31 

1855.0  22  44  32 

1860.0  20  59  51 

1860.0  21    42   34 


Distance  from  Bdge  off  Plate. 


+  61  58.4 
+  67  34.2 
+  67  32.0 
+  64  38.8 

+  63  54.9 
+  62  49.7 
+  65  25.9 
+  67  36.7 
+  65  9.3 


In. 

B  3.2  =  81 

T  1.5  38 

T  1.5  38 

B  3.6  91 

B  3.2  81 

B  2.6  66 

T  2.7  69 

T  I.I  28 

T  3.1  79 


R  0.3=8 

R  3.0  51 

R  2.1  53 

R  3.1  79 

R  3.6  91 

L  i.o  25 

L  0.5  13 

R  0.0  o 

R  2.4  61 


THE  I:KV'  '■' 
PUBLIC  1.11"    •  '  Y 


1  ,.<    4  r  «  ■. 


r. 


PLATE  84 


IN  CEPHEUS 


(Top  is  north)  (Scale:  i  cm.  =44'.i) 

1855.0  a  22^  7»        (5  +53^2 
1893  October  11  Exposure  (^  21"' 

This  is  a  rich  region  of  small  stars,  but  the  plate  has  been  printed  a  little 
too  dark  and  so  has  lost  some  of  the  cloud  effects  in  the  upper  and  western  part 
of  the  picture.  The  great  nebula  shown  in  Plate  82  should  occupy  the  upper 
right  corner  of  the  present  plate.  The  cluster  of  stars  is  shown  but  the  nebu- 
losity is  lost  in  reproduction. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from  Bdge  of  Plate. 

BD  +  48-3504     . 

4.5 

1855.0 

h 
21 

m          ■ 
41    26.1 

+  48  38'.3 

B 

•    In 
1.6  = 

mm 

=  41                 R 

In.    mm. 
1.1  =  28 

BD  +  55'*  2639 

6.0 

18550 

21 

47    8.2 

+  55     7.1 

T 

2.4 

61                  R 

1.9      48 

30  +  52"  3083    . 

5.3 

1855.0 

21 

56  28.0 

+  52  14.7 

B 

3.5 

89                 R 

2.5      64 

30  +  57' 2441 

6.4 

1855.0 

21 

57  12.0 

+  57  18.0 

T 

1.2 

30                R 

2.7      69 

BD  +  46^3719    ■ 

4.8 

1855.0 

22 

23  30.1 

+  46  57  9 

B 

0.6 

15                I^ 

1.3    33 

BD  +  57"2548    . 

Var. 

1855.0 

22 

23  49.1 

+  57  40.9 

T 

I.O 

25                L 

1.5    38 

BD  +  49'3875 

4.0 

1855.0 

22 

25  19.3 

+  49  32.2 

B 

2.0 

51                 I^ 

1.2    30 

Dreyer  7243  .  . 

•      •      • 

1860.0 

22 

9  41 

+  49  II. I 

B 

1.8 

46                L 

2.6    66 

Dreyer  7380   .  . 

•      •      • 

1860.0 

22 

41  23 

+  57  20.9 

T 

I.I 

28                L 

0.2      5 

i  . .  . .    , '  .  .     ..k 

PUB^::  ...'.:-.-.'-.Y 


A^TOO     ■  '  •■'■.«.    A*-0 


PLATE  85 


IN  CEPHEUS 


(Top  is  north)  (Scale :  i  cm.  =37'.4) 

1855.0  a  22"  44"        S  +53".7 
1895  September  25  Exposure  6*"  o" 

The  brightness  of  the  star  masses  in  the  upper  right  side  of  the  plate  has 
been  somewhat  accentuated  in  the  reproduction. 

If  the  middle  and  lower  half  of  the  picture  are  carefully  examined,  a  gp^eat 
many  vacant  lanes  and  lines  of  stars  will  be  found.  The  upper  part  of  the  great 
bed  of  small  stars  covering  nearly  the  whole  plate,  assumes  cloud  form  effects 
where  it  opens  on  to  a  poorer  region  in  which  the  small  stars,  especially,  are 
absent. 


Identification  of  StaRvS,  Etc. 


Object. 
Bn  +  57''  2548    .   .   . 

Mag. 
Var. 

1 

I     1855.0 

h 
22 

Place. 

Ill         ■ 
23  49- 1 

+  57  40.9 

T 

Distance  from 

In.          uim. 

1.8=  46 

Rdgeof 

Plate. 

R 

Id      aiin. 

2.1=53 

BD  +  49'3875     .  .   . 

4.0 

1855.0 

22 

25  193 

+  49  32.2 

6 

2.4 

61 

R 

1.8    46 

BD  +  53''2993    .  .  . 

6.0 

1855.0 

22 

42  47-4 

+  53  39.2 

T 

4.5 

114 

R 

3.6    91 

BD  +  47'3985    .   .  . 

5.3 

1855.0 

22 

50  40.2 

+  47  54.3 

B 

1.2 

30 

L 

3.1     79 

BO^■58*'2545    .  .  . 

5-3 

1855.0 

23 

0  29.8 

+  58  38- 5 

T 

1.3 

33 

h 

2.3    58 

BD  +  48^3964    .  •  . 

50 

18550 

1 

23 

5  59- 1 

+  48  36.7 

B 

1.7 

43 

h 

15    38 

BD  +  57'2748    .  .  . 

5.7 

1855.0 

23 

23  234 

+  57  45-8 

T 

1-7 

43 

L 

0.4    10 

Dreyer  7380  .... 

... 

1860.0 

22 

41  23 

+  57  20.9 

T 

2.1 

53 

R 

36    91 

p 

1         1      >       i^ 

•  T. 

•  .-    1  ■          1 

•   > 

r 

AflTo** 
TIlO     J 

LFNf  X 
FO        -;  • 

2S— L 


PLATE  86 

IN  CASSIOPEIA 

(Top  is  north)  (Scale :  i  cm.  =43'. 7) 

1855.0  cr  23"  7«»        <5  +59"  o 
1895  July  17  Exposure  4**  20" 

Diagonally  across  the  middle  of  the  plate  is  a  bridge  of  small  stars  with 
thinner  regions  on  each  side  especially  to  the  north.  Many  of  these  stars  seem 
to  be  exceedingly  minute  where  they  are  scattereci  over  the  dark  region  to  the 
left. 

There  is  a  small  star  close  following  BD  +  64^  1664,  which  is  not  in  the  BD 
catalog  nor  on  the  chart. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

• 

Distance  from  Edge  of  Flate.- 

BD  +  64*'  1664     .   . 

5.8 

18550 

h      m      • 
22    22    26 

0     / 
+  64  23 

t 

In. 
0.3  = 

mm. 

=  8 

R 

In.     mm. 
0.6=15 

BD  +  57"  2548    .  . 

Var. 

18550 

22    23   49.1 

+  57  40.9 

B 

3.5 

89 

R 

0.2      5 

80  +  62**  2102    .  . 

53 

1855.0 

22  33  31 

+  62  49-7 

t 

1.2 

30 

R 

I.I      28 

60  +  53*"  2993    . 

6.0 

1855.0 

22   42   47.4 

+  53  39-2 

B 

1.2 

30 

R 

1.4      36 

BD  +  58''2545    .  . 

5.3 

1855.0 

23      0    29.8 

+  58  38  5 

t 

3.6 

91 

R 

2.8    71 

BD  +  6o*'2522    . 
Dreyer  7635   .  .  . 

8.0 

•      •      • 

1855-0 

Nebula 

23    14    19.6 

involving  above 

+  60  23.8 
'  star 

h 

2.7 

69 

h 

2.5     64 

BDt57'2748    • 

5-7 

1855-0 

23  23  23.4 

+  57  45.8 

B 

3-5 

89 

L 

1.8    46 

Bn  +  52"3503    .   . 

6.5 

18550 

23  36    4.0 

+  52  20.8 

B 

0-7 

18 

h 

0.5     13 

Dreyer  7380  .  .  . 

•           •           • 

1860.0 

22  41  23 

+  57  20.9 

B 

3-2 

81 

R 

1.4    36 

Dreyer  7654  =  ^152 

•           •           • 

1860.0 

23  18     3 

+  60  49.7 

t 

2.4 

61 

L 

2.3    58 

PLATE  87 

IN  CASSIOPEIA 

(Top  is  north)  (Scale:  i  cin.=38'.o) 

1855.0  a  23"  39"  S  +62*.6 

1895  September  27  Exposure  4*  o» 

This  is  nearly  the  same  region  as  Plate  86.  The  general  structure  of  the 
sky,  however,  is  better  brought  out  in  this  plate.  There  is  evidence  of  macli 
dark  structure  in  the  lower  part  of  the  picture,  below  the  bridge  of  stars. 

A  luminous  defect  appears  in  some  of  the  prints  in  the  upper  half  of  the 
plate.     There  is  no  diffused  nebulosity  shown  in  this  region. 

The  star  BD  +  62°  2310  (6°*.9)  is  very  faint  on  the  photograph,  and  is  probably 
either  red  or  variable. 


Identification  of  Stars,  Etc. 


Object. 

Mag. 
3.8 

1855.0 

Place. 

1 

Distance  from  Edge  of  Plate.           1 

BD  +  65*  1814    .  .  . 

h      m       • 

22  44  32 

+  65  25.9 

T 

In. 
0.9    : 

nm. 
=  23 

R 

0.1    = 

=  3 

BD  +  58'2545    .  .  . 

5.3 

1855.0 

23    0  29.8 

+  58  38.5 

B 

18 

46 

R 

0.5 

13 

BD  +  6o'  2522    .  .  . 
Drcycr  7635  .  .  .  . 

8.0 

»            •      •      • 

18550    23  14  19.6            +60  23.8 
Nebula  involving  above  star 

\' 

2.75 

70 

R 

1.75 

44 

BD  +  57'  2748    .  . 

5.7 

1 

1855.0 

23  23  23.4 

+  57  45-8 

B 

I.O 

25 

R 

2.3 

58 

BD  +  63*  2051    .  .  . 

1    7.0 

1855.0 

23  39  36 

+  63  29.6 

T 

2.6 

66 

L 

3.45 

88 

BD  +  63**  2054    .  . 

7.2 

1855.0 

23  40  25 

+  63  19.8 

T 

2.7 

69 

h 

34 

86 

BD  +  67*  1562    .  . 

.   1    5.5 

1 

1855.0 

23  41     3 

+  67    0.0 

T 

0.4 

10 

L 

3-3 

84 

BD  +  62°  2310    .  . 

.       6.9 

1855.0 

23  43  21 

+  62  56.3 

T 

2.9 

74 

h 

3.2 

81 

BD  +  63*'  2064    .  . 

6.6 

1855.0 

23  43  56 

+  63  10.7 

T 

2.8 

71 

L 

3.2 

81 

BD  +  63'  2107    .  . 

•       5.4 

1855.0 

23  58  58 

+  63  22.2 

T 

2.6 

66 

h 

2.1 

53 

fi  Cassiopeise    . 

2.2 

1855.0 

0     I  29.6 

+  58  21.0 

B 

1.4 

36 

h 

1.7 

43 

Bn+65*67.  .  .  . 

.       6.5 

1855.0 

0  23    9 

+  65  43  2 

T 

1.0 

25 

h 

0.0 

15 

Dreyer  7654  =  M  5: 

I      ... 

1860.0 

23  18    3 

+  60  49.7 

B 

3.0 

76 

R 

2.1 

53 
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PLATE  88 


IN  CASSIOPEIA 


(Top  is  north) 

1855  o  a  23*"  10 
1895  September  28 


m 


(Scale:  i  cm.  =  37'.!) 

<5  +53".  7 

Exposure  3**  o°» 


There  are  indications  that  a  much  longer  exposure  here  would  show  consid- 
erable structure,  especially  in  the  upper  part  of  the  plate.  The  partially  luminous 
places  near  the  edges  are  not  real.  There  are  no  nebulosities  shown  in  this 
picture. 

Identification  of  Stars,  Etc. 


Object. 

Mag. 

Place. 

Distance  from 

Bdge  of  Plate. 

BD  +  53"2993    .  .  . 

6.0 

1855.0 

h       m         ■ 
22   42   47.4 

+  53  39-2 

T 

In.      mm. 
3.1  =  79 

R 

In.      mm. 
•1.0  =  25 

BD  +  58**2545    .  .  • 

5.3 

18550 

23      0    29.8 

+  58  38.5 

T 

O.I        3 

R 

2.9      74 

BD  + 48^3964    .  .  . 

5.0 

1855.0 

23    5  59.1 

+  48  36.7 

B 

1.2      30 

R 

31     79 

BD  +  52**34io    .  .  . 

54 

1855.0 

23  10    7.6 
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Description. 
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PIRATE  89 

REOIOH  OF  (i  CASSIOPEIA 

north) 

(Scale:  i  cm. 

1855.0  a  ia'  54-          « 

+59'-3 

894  September  27 

Exposure  3'  5 

Considerable  structure  exists  in  this  region  which  could  be  brou 
stronger  with  a  longer  exposure.  This  plate,  however,  gives  a  fair  idea 
this  structure  is.  The  haze  around  /3  CaasiQpein,  near  the  middle  of  the 
is  due  to  halation.  The  region  is  part  of  that  shown  in  Plates  86  and  8; 
the  structure  of  this  part  of  the  sky  is  somewhat  better  shown. 


Identification  of  Stars,  Etc 
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PLATE  90 

COMET  I  1892  (SWIFT) 

I  Left  is  north ;  (Scale:  i  cm.  =  19'.  i ) 

1855.0  tr  21*'  2*        S  -3*.2 
1892  April  4*  1$^  57"  P.S.T.        Exposure  i^  s" 

In  this  plate  there  are  some  inequalities  of  illumination  which  will  not  deceive 
any  one,  as  the  main  features  of  the  comet  are  clearly  and  strongly  shown.  The 
edges  of  the  separate  streamers  are  very  sharply  defined,  and  the  rifts  between 
them  apparently  have  very  little  nebulosity  in  them. 
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PLATE  91 

COMET  I  1892  (SWIFT) 

(Left  is  north)  (Scale :  i  cm.  =  23'.6) 

1855.0  a  2 1**  6"        S  -2*.2 
1892  April  5«*        le**  20™  P.S.T.        Exposure  o**  30° 

The  original  plate  was  in  a  rather  poor  condition,  but  the  defects  are  readily 
made  out  and  do  not  materially  interfere  with  the  tail.  The  two  intensifications 
of  luminosity  in  the  tail,  respectively  2.7  inches  and  4  inches  from  the  head,  are 
perhaps  not  real. 
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PLATE  92 

COMET  I  1892  (SWIFT) 

(Left  is  north)  (Scale:  icm.  =  27'.2) 

1855.0  a  21**  10"        8  -  i*.o 
1892  April  6*        lb**  2"  P.S.T.        Exposure  i^  5" 

This  is  a  good  reproduction  and  shows  the  features  of  the  tail  clearly.  The 
great  change  in  the  appearance  of  the  tail  in  the  24  hours  is  very  marked.  It 
would  be  dangerous  to  attempt  to  identify  any  features  in  this  plate  and  the  one 
of  November  5,  but  there  is,  perhaps,  some  association  of  the  bend  in  the  near 
end  of  the  great  rift,  with  the  mass  shown  in  Plate  93  of  the  succeeding  date. 
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PLATE  93 

COMET  I  1892  (SWIFT) 

(Left  ijinorth;  (Scale:  i  ciii.  =  2i'.o) 

1855.0  a  21*  I3*        6  o*.o 
189^  April  -f        16^  10-  P.S.T.        Expoaure  o*  50" 

The  remarkable  appearance  of  the  tail  in  this  plate  does  not  suggest  any  con- 
nection with  the  tail  on  November  6,  but  possibl}'  the  great  mass  is  in  some  way 
related  to  the  bend  in  the  rift  near  the  head  on  that  date.  The  luminous  spot 
farther  along  near  the  end  of  the  tail  is  a  defect. 

The  picture  has  suffered  greatly  from  the  accentuation  of  irregularities  of 
illumination  of  the  plate  in  the  reproduction,  but  the  main  features  of  the  tail  are 
unmistakable. 
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PLATE  94 

COMET  I  1892  (SWIFT) 

(Left  is  north)  (Scale:  i  cm.  =  39'.o) 

1855.0  a  2i'»  52"        6  +io*.6 
1892  April  18*         IS**  o»  P.S.T.         Exposure  o^  30" 

• 

Much  of  the  tail  has  been  lost  in  the  reproduction.     It  is  really  made  up  of  a 
bundle  of  slightly  diverging  raj's. 
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PLATE  96 

COMET  I  1892  (SWIFT) 

(Left  is  north)  (Scale :  i  cm.  =37'.8) 

1855.0  ex  22^  11°        8  +I5*.7 
1892  April  24''        i5*»  o"  P.S.T.         Exposure  2'*  20" 

Much   of    the   tail  is   lost'  in   the   reproduction,   which   is   printed   too  dark. 
Enough  remains,  however,  to  show  the  structure  near  the  head. 
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PLATE  97 

COMET  I  1892  (SWIFT) 

(Left  is  north)  (Scale:  icni.  =  i8'.7) 

1855.0  a  22*  18"        8  + 17*.3 
1892  April  26*        14"  57"  P.S.T.        Exposure  ^  25" 

Unfortunately,  a  defect  in  the  original  cuts  oflF  the  larger  part  of  the  tail. 
Beyond  this  defect  the  tail  is»  visible  to  the  edge  of  the  original  plate  and  also 
partly  through  the  defect  itself.  The  tail  consists  of  several  slightly  diverging 
streams. 
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PLATK  08 

COMET  I  1892  (SWIFT) 

'J^ft  i*  nr/rthf  Scale:  i  cm  =22'.3. 

1 8^/2  May  ii'*         14'  fc/"  P.S.T.         Ezpc»sare  2»  o" 

Thnri:  is  not  niucli  of  interest  in  this  plate.  Some  slight  inequalities  appear 
in  tl)#!  tail  near  the  head,  while  several  incipient  streamers  are  shown  on  the  north 
side. 
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PLATE  99 

COMET  I  1892  (SWIFT) 

(Left  is  north)  (Scale :  i  cm.  =  26.3) 

1855.0  a  23"  33"        d  +33'.8 
1892  May  23*        14"  9"  P.S.T.        Exposure  2*»  2'» 

The  large  luminosity  which  covers  the  greater  part  of  the  middle  of  the  plate 
is  a  defect.  The  tail,  however,  is  clearly  shown  through  its  full  extent  and  need 
in  no  way  be  confused  with  the  general  illumination  of  the  plate. 
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PLATE  100 

COMET  I  1892  (SWIFT) 

^Left  is  north)  (Scale:  i  cni.  =  22'.o) 

1855  onr  2Z^  49™        (5  +37'.o 
1892  May  30'*         14"  25"  P.S.T.         Exposure  i*  50" 

Besides  the  short,  straight  tail,  there  is  a  shorter  one  to  the  north,  making  a 
small  angle  with  the  main  tail.     This  is  nearly  lost  in  the  reproduction. 
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PLATE  101 

DISCOVERY  OF  COHET  V  1892 

(Top  is  north)  (Scale :  i  cm.  =  l^'.^) 

1855.0  a  i9*»  30"        5  +  i2'*.8 
1892  October  12*        8**  50™  P.S.T.        Exposure  4**  20" 

The  trail  of  the  comet  is  distinctly  shown  one  inch  above  the  dark  spot — 
which  is  a  real  vacancy  among  the  stars.  In  the  original  photograph  the  trail  is 
very  much  more  hazy  than  in  the  reproduction. 

As  this  was  the  first  comet  discovered  by  the  aid  of  photography,  the  picture 
was  thought  worthy  of  preservation  here. 
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PLATE  102 

COVET  ni  18M  (HOLMES) 

(Top  is  north)  (Scale:  rem.  =24'.2) 

1855.0  (X  oh  43"        S  +58^o 
189^  November  10'*        7"  45*  P.S.T.        Exposure  3*  o" 

This  picture  gives  the  general  appearance  of  the  comet  and  its  surroundings 
shortly  after  its  discovery  by  Mr.  Holmes,  and  shows  its  proximity  to  the  Great 
Nebula  of  Andromeda. 

Some  of  the  important  details  (such  as  the  attendant  mass)  are  lost  in  this 
reproduction.  To  show  these,  the  enlargements  of  Plate  103  were  made.  The 
central  disc  and  the  surrounding  nebulosity  are  fairly  well  preserved,  however. 
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PLATE  103 

COMET  III  1892  (HOLMES) 

(Top  is  north)  (Scale:  i  cm.  =  2i'.6) 

1855.0  AT  o**  43         6  +38*.o 
1892  November  10'*        7*»  45"  P.S.T.        Exposure  3*»  o" 

The  two  pictures  are  enlargements  from  the  same  original,  that  of  Plate  102. 
The  positive  form,  failing  to  show  the  connecting  mass  with  sufficient  accuracy,  a 
negative  print  was  made  which  shows  it  well.  There  is  a  high  probability  that 
this  mass  is  in  some  way  connected  with  the  sudden  appearance  of  the  comet.  It 
is  only  one  of  the  many  unique  features  presented  by  this  remarkable  object. 
The  lower  plate  shows  the  large  central  disc  surrounded  with  the  circular  nebu- 
losity.    The  irregular  attendant  mass  is  also  well  shown. 
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HATS  lOB 
COKET  m  1892  (B0LMB8) 

(Right U  noTtb)  ~    (Scale;  ictn.-i6'4} 

1855.0  a  o^  44*       *  +$5*.» 

^99  December  S*       <*  57"  P.S.T.        SxpoMtra  i^  tj 

The  transition  of  the  comet  from  a  round,  sharply  defined,  planetary  looking 
object,  to  the  regular  cometary  form  and  general  appearance,  is  well  shown  in  this 
plate  when  compared  with  those  preceding  it.  The  nature  of  the  comet  had, 
apparently,  entirely  changed,  if  judged  from  appearances  alone. 

The  unsymmetrical  appearance  of  the  comet  with  respect  to  the  middle  of  the 
plate  is  due  to  the  displacement  of  the  mask,  somehow,  during  the  process  of 
reproduction. 
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PLATE  10f> 

GOMET  IT  ISM  (BBOOKS) 

^  I^ft  in  north )  f  Scale :  i  cm.  =  ao'.8 ) 

1S55.0  ft  12*  J5«        ^  +14*5 
i^  ^>ctober  18^         16"  49'»  P.S.T.        Bzposare  (/  31" 

The  plate  must  be  turned  (^)  dejjjrees  for  comparison  with  those  that  follow  it. 
The  main  interest  in  this  picture  is  to  show  that,  for  several  days  preceding  the 
great  disturbances  of  October  21  and  22,  the  tail  was  in  a  normal  condition. 
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PLATE  107 

COMET  IV  1893  (BROOKS) 

(Top  is  north)  (Scale:  i  cm.  =  i9'.8) 

1855.0  a  12''  25"        6  H-is^.S 
1893  October  20^*         ib**  52"  P.S.T.         Exposure  o**  35°* 

This  picture  is  very  important  when  compared  with  those  that  follow  it,  for  it 
shows  that  the  tail  at  this  time  was  in  a  normal  condition  and  that  it  was  unaf- 
fected by  the  disturbing  conditions  of  the  two  following  dates. 

The  comet  was  covered  by  clouds  for  at  least  five  minutes  toward  the  end  of 
the  exposure. 


PLATE  108 

COVET  IV  1898  (BROOKS) 

(Top  is  north)  (Scale:  r  cm  =  2i'.4) 

1855.0  nr  i2*»  26"        S  +  i6'.5 
1893  October  ai**        16*  54"  P.S.T.        Exposure  o*  35" 

It  is  needless,  perhaps,  to  call  attention  to  the  remarkable  change  that  has 
taken  place  in  the  tail  in  the  twenty-four  hours'  time  between  this  plate  and 
No.  107.  It  will  be  noticed  that  this  disturbance  seems  to  be  met  by  the  comet's 
tail  in  its  eastward  motion.  In  Plate  107  the  western  side  of  the  tail  is  brightest 
and  best  defined,  while  in  the  present  plate  the  opposite  side  of  the  tail  is  the 
strongest.  The  short  diffused  tail  that  was  present  on  the  east  side  on  October  20, 
is,  apparently,  swept  away  by  some  force  coming  from  the  east.  The  disturbance 
(which  seems  to  be  from  some  outside  influence)  has  greatly  brightened  the  gen- 
eral tail,  beside  disrupting  and  distorting  it.  Apparently  nothing  remains  that 
can  be  identified  as  belonging  to  the  former  tail,  so  great  has  been  the  change. 

The  sky  was  good  during  the  exposure. 
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PLATE  109 
COVET  lY  18d3  (BROOKS) 

Top  ia  north)  (Scale:  i  cm.  =  2i'.9) 

1855.0  a  12^  27™         ^  -*r  17''. 2 
1893  October  22^         16"  52™  P.S.T.         Exposure  o**  45" 

On  this  photograph  the  effect  of  the  disruption  of  October  21  is  still  in  pro- 
gress; a  large  portion  of  the  tail  near  the  end  is  torn  away  and  the  main  body  of 
the  tail  is  broken  into  cloud  forms.  The  slender  straight  tail  for  about  one  degree 
from  the  head  is  evidently  newly  formed,  and  would  rather  suggest  that  the 
present  broken  appearance  of  the  tail  is  simply  the  result  of  the  disturbance  of 
the  2 1  St,  the  fragments  not  yet  having  dissipated  into  space.  Four  degrees  from 
the  head  is  an  isolated  mass  which  is  separated  from  the  rest  of  the  tail  by  a  large 
gap,  as  if  something  with  a  southerly  motion  had  torn  its  way  through  the  tail  at 
that  point. 

The  comet  was  covered  by  clouds  for  more  than  half  the  exposure  time. 


34— L 


PLATE  110 

COMET  I¥  1803  (BEOOKS) 

<Top»DOitb)  (Scale:  I  cm.  =  21 '.6 f 

1855.0  a  12*  45»         4  -r25*.2 
1893  Norember  t*        16*  42*  P.S.T.        Exposure  1^  25* 

The  tail  has  the  appearance  of  "weathering"  against  a  strcng  resistance, 
which  at  the  end  becomes  so  great  as  to  bend  the  tail  nearlj'  at  right  angles  to  its 
length.  In  reality  the  entire  tail  appears  to  be  thrown  forward  (in  the  direc- 
tion of  its  motion)  from  its  normal  position.  See  Plate  114,  and  also  the  chart  on 
page  32  of  the  Introduction. 
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PLATE  111 

COMET  IV  1898  (BROOKS) 

(Left  is  north)  (Scale:  icm.  =  22'.8) 

1855.0  <r  i2»»  47"        S  +26'.  I 
1893  November  3**         id**  45n»  P.S.T.        Exposure  i"  30" 

This  photograph  has  been  accidentally  placed  the  wrong  way  on  the  plate. 
It  must  be  turned  90  degrees  for  comparison  with  the  other  plates. 

In  this  picture  the  tail  seems  to  have  partly  recovered  from  the  disturbance 
of  the  previous  night.  One  large  mass  is  still  visible  at  the  end  of  the  tail,  and 
the  south  side  is  very  irregular. 
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PLATE  112 

COMET  IV  1893  (BBOOKS) 

(Top  is  north)  (Scale:  i  cm.  =  20^.4) 

1S55.0  a  12^  52*        S  +28*.5 
1893  November  6^        16*  47*  P.S.T.        Exposure  i*  25" 

Another  disturbance  seems  to  have  occurred  at  this  time,  or  shortly  before. 
The  entire  tail  does  not  seem  to  have  been  afiFected,  or  perhaps  the  disturbance 
itself  had  ended  and  the  straight  part  of  the  tail  had  been  newly  formed  in  the 
mean  time.  The  small  elongated  mass  of  matter  jj4  degrees  from  the  head,  in 
the  south  side  of  the  tail,  seems  to  be  quite  separated  from  the  brighter  portion 
near  it.  At  about  2  degrees  from  the  head,  the  tail  becomes  very  straggling 
and  irregular. 
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PI.ATE  113 

COMET  IV  1898  (BROOKS) 

(Top  is  north)  (Scale :  i  cm.  =  40'. 6) 

1855.0  a  i2»'  54"        6  +29'.4 
1893  November  ^^        16^  27"  P.S.T.        Exposure  i**  45" 

In  this  plate  the  tail  seems  to  be  in  its  normal  condition,  having  doubtless  been 
formed  entirely  anew  from  a  fresh  flow  of  particles  since  November  6,  as  all  traces 
of  the  disturbance  of  that  date  have  disappeared. 

The  comet  was  covered  by  clouds  during  the  last  five  or  ten  minutes  of  the 
exposure. 


3'»  —  L 


PLATE  114 
COMET  IV  1898   (BROOKS) 

■ 

Top  is  north 

Combinations.     Upper:  Plates  iio-iii,         1893  November  2-3 

Lower:  Plates  112-1 13,         1893  November  6-7 

We  have  her^  two  combinations  of  the  four  preceding  plates.  These  com- 
binations are  made  to  show  the  large  displacement  in  the  direction  of  the  tail  on 
the  dates  of  November  2-3  and  November  6-7.  It  will  be  seen  that  in  each  case  the 
first  date  shows  a  large  deflection  accompanied  by  much  distortion  of  the  tail,  and 
that  on  the  second  date  it  had  essentially  resumed  its  normal  condition.  In  both 
cases  the  deflection  seems  to  have  been  in  the  direction  of  motion  of  the  tail  as  if 
the  tail  had  been  accelerated  perpendicularly  to  its  length.     See  diagram,  page  32. 

These  two  combinations  are  remarkably  similar  in  appearance. 

The  position  angle  of  the  direction  of  motion  of  the  comet  was  26^.3. 
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PLATE  116, 
COHIT  IT  IIU  (BlOO 

(Top  ia  north)  -    (8ca 

.  .  1^5^  a  if  t"       <  +3S* 

1893  Ho*mb«r  10*        tt^3p  F.S.T. 

This  is  a  beaattfnl  picture  of  the.  comet 
"neck,"  the  tail  with  the  two  short  streamers  fo 
portion  stretches  out  in  a  slightly  widened  form, 
tion  which  is  but  feebly  connected  with  the  rest  01 
a  degree  long.     The  bright  star  partly  shown  a 


PLATE  116 

COMET  IV  1893  (BROOKS) 

(Top  is  north)  (Scale :  i  cm.  =  34'.  2) 

1855.0  a  f3'»  2"        6  +33'.o 
1893  November  ii«»        16*'  46"  P.S.T.        Exposure  i**  37" 

The  tail  is  sinuous  with  some  very  long,  straight  streamers  on  the  north  side. 
There  is  a  bright  mass,  similar  to  the  one  of  November  10,  near  the  end  of  the 
tail.  It  is  remarkable  that  the  slender  streamers  on  the  north  side  of  the  tail 
should  be  perfectly  straight,  while  the  tail  close  to  them  is  sinuous.  This  fact 
would  rather  oppose  the  idea  that  the  inflection  of  the  tail  was  due  to  conditions 
existing  at  that  time  in  that  part  of  the  sky,  for  the  streamers,  which  are  straight, 
would  doubtless  be  involved  in  any  disturbance  that  afiected  the  main  tail. 
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PIRATE.  117 

COMET  IV  1893   (BROOKS) 

(Top  is  north)  (Scale:  i  cm.  =4o'.5) 

1855.0  a  i3'»5»        d  +33'°.8 
1893  November  12*        iS**  22m  P.S.T.        Exposure  2*^  16" 

There  is  nothing  in  the  photograph  of  November  11  that  would  suggest  the 
peculiarity  shown  in  the  outer  half  of  the  tail  on  the  present  date.  To  the  south- 
west of  a  Canum  Venaticorum  is  a  large  section  of  the  tail  (some  2  degrees  long) 
entirely  separate  from  the  main  tail,  and  displaced  at  an  angle  of  about  14  degrees 
to  the  original  direction.  This  is,  perhaps,  a  portion  of  the  tail  of  November  11 
which  has  become  disconnected,  and  has  drifted  to  the  northeast  in  the  general 
direction  of  the  combined  motion  of  the  comet  and  the  tail.  The  straight  part  of 
the  tail,  which  is  about  5  degrees  long,  is  somewhat  irregular.  It  is  doubtless 
newly  formed  since  the  nth. 
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PLATE  118 

COMET  IV  1898  (BROOKS)    AND  LARGE  METEOR    TRAIL 

(Top  is  north)  (Scale:  i  cni.=49'.9) 

1855.0  a  i3»»  T^        8  +34'.9 
1893  November  13'*         i6'>  27m  P.S.T.         Exposure  2*"  5™ 

The  principal  interest  in  this  plate  lies  in  the  beautiful  meteor  train.  The 
meteor  appeared  near  the  middle  time  of  the  exposure.  It  was  a  brilliant  object 
to  the  eye  and  exploded  just  outside  the  limits  of  the  plate.  The  beginning  of 
the  trail  is  shown  and  almost  the  full  flight  of  the  meteor.  The  coincidence  of 
the  appearance  of  this  meteor  with  the  date  of  the  '^November  meteors"  would 
suggest  that  it  was  one  of  those  bodies.  This,  however,  was  not  the  case,  for 
its  radiant  was  in  another  part  of  the  sky. 
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PLATE  119 

COMET  lY  1893  (BBOOKS)  EVLARGED 

(Top  u  north  >  (Scale :  i  cm.  =  ta'-o) 

1855.0  a  13*  7*        *  +34*.9 
1893  Norember  I3«        16^  rjm  P.S.T.        Exposure  2*  ^ 

This  is  an  enlargement  from. the  picture  of  Plate  118.  It  was  made  to  show 
the  peculiar  structure  of  the  tail  where  it  widens  out  near  the  star  in  its  middle 
and  its  fragmentar>'  condition  beyond  that  star.  It  extends  some  distance  be3'ond 
a  Cannm  Venaticomm  in  a  straggling  manner.  The  change  in  the  appearance  of 
the  tail  in  the  24  hours  has  been  very  g^eat. 
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PLATE  120 

COMET  IV  1898  (BROOKS) 

(Top  is  north)  (Scale:  i  cm.  =  37'.4) 

1855.0  a  i3»»  io°»        8  +35^7 
1893  November  14**        16*'  6"  P.S.T.        Exposure  3*'  2" 

The  tail, which  is  somewhat  sinuous,  can  be  traced  faintly  some  distance  north 
of  and  beyond  a  Canum  Venaticorum,  where  it  seems  to  bend  northward. 
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PLATE  121 

COMET  IV  1893  (BROOKS) 

(Top  is  north)  (Scale:  i  cm.  =38'.7) 

1855.0  a  I3h  II"        6  +36'.8 
1893  November  15**        iS**  52m  P.S.T.        Exposure  i**  27" 

A  few  irregular  luminous  defects  appear  in  the  upper  part  of  the  plate  and 
near  the  end  of  the  tail.  Apparently  none  of  the  features  belonging  to  the  tail 
on  the  14th  are  present  in  this  picture,  which  slightly  resembles  that  of  Plate  115. 
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PLATE  122 
COMET  IV  189S  (BROOKS) 

(Top  is  north)  (Scale:  i  cin.  =  38'.4) 

1855.0  a  I3h  22"        S  +40*. 7 
1893  November  19^*         16"  36"  P.S.T.         Exposure  2»>  3" 

The  slightly  luminous  condition  of  the  plate  near  the  end  of  the  tail  is  a 
defect.  There  seems  to  be  a  break  in  the  tail  at  the  four  or  five  bright  stars  two 
degrees  from  the  head. 
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PLATE  123 

COMET  II  1894  (GALE) 

(Right  is  north)  (Scale:  i  cm.=32'.7) 

1855.0  a  7**  30"        d  -  22*. 2 
1894  April  29**        8**  35"  P.S.T.         Exposure  i**  o» 

The  low  altitude  of  the  comet  doubtless  prevented   more  of  the  tail  being 
shown  in  this  picture. 
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PLATE  124 

COMET  II  1894  (GALE)  ENLARGED 

(Right  is  north)  (Scale:  1  cm.  =  I7'.6) 

1855.0  a  S**  S"        S  -9'.7 
1894  May  2«*        8**  37"  P.S.T.        Exposure  i^  is" 

The  increasing  altitude  of  the  comet  shows  more  of  the  tail  in  this  plate. 
There  is,  however,  little  of  interest  in  it. 
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PLATE  125 

Comet  ii  i894  (Gale) 

(Right  is  north)  rScale:  icm.  =  32'.2) 

1855.0  a  S^*  I9»        8  -5'.7 
1894  May  3*        ^  27"  P  S.T.         Exposure  2^  I5» 

The  tail  remains  straight  and  slender,  while  the  head  is  large  and  round. 
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PLATE  126 

COMET  II  1894  (GALE) 

(  Right  is  north  /  I  Scale :  i  cm.  =  32'.7'j 

1S55.0  It  S^  29='*        d  -  i\7 
1894  May  4'         9"-  42*  P.S.T.         Exposure  2''  5" 

The  general  appearance  here  is  that  the  force  forming  the  tail  has  changed 
its  activity  and  begun  to  send  out  material  for  a  broader  tail.  There  reall}'  are 
three  slender  tails  shown  on  the  original,  one  on  each  side  of  a  main  branch  and 
but  little  inclined  to  it. 
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PLATE  127 

COMET  II  1894  (GALE) 

(Right  is  north)  (Scale:  i  cm.  =  3i'.6) 

1855.0  a  S^  41™        S  +2^.2 
1894  May  5*'         10"  o""  P.S.T.         Exposure  2''  50" 

The  straight  and  slender  appearance  of  the  tail  in  this  picture  gives  one  the 
impression  that  it  has  been  shot  out  with  ver\^  great  velocity.  About  2  degrees 
from  the  head,  the  tail  broadens  into  two  parts,  neither  of  which  seems  to  exactly 
coincide  with  the  original  direction. 
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PLATE  128 

COMET  II  1894  (GALE) 

(Right  is  north)  (Scale:  icni.  =  32'.i) 

1855.0  a  9"  7°        8  +ii°.7 
1894  May  8**        10^  11"  P.S.T.        Exposure  2*»  28" 

The  activity  of  the  comet  seems  to  have  ceased,  as  but  little  of  the  tail  is 
shown,  and  this  of  a  brush  like  nature. 
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PLATE  129 

TOTAL  ECLIPSE  OF  THE  SUN   (ENLARGED  TWO  TIMES) 

(Top  is  south)  1SS9  January  i 

This  reproduction  is  not  satisfactory.  I  would  refer  to  the  silver  print  made 
from  the  same  original,  bound  in  with  the  Reports  on  the  Total  Eclipse  of  the  Sun  of 
Jamiary  /,  iSSg^  which  shows  the  details  of  the  fans  and  the  extensions  better 
than  the  present  plate.  In  the  original  negative  the  individual  streamers  in  the 
fans  are  beautifully  shown. 

One  peculiarity  which  I  have  noticed  for  a  great  many  years  when  looking  at 
photographs  of  the  corona,  is  the  dissimilarity  of  the  details  of  the  north  and 
south  polar  fans.  The  individuality  of  each  is  so  marked  that  one  readily  picks 
out  the  north  or  south  fan  at  a  glance.  The  north  fan  is  made,  up  of  definite 
and  slender  rays  sharply  defined  and  well  separated,  while  the  southern  is  partly 
composed  of  broader  and  more  diffused  rays  or  beams,  which  occur  more  or  less 
in  bunches.  I  am  not  sure  that  this  holds  good  for  the  sj'mmetrical  or  **sun  spot 
maximum  corona,''  but  it  seems  to  do  so  for  the  *'sun  spot  minimum"  or  extended 
coronas.     It  is  strikingl}'  shown  in  the  coronas  of  Januarj-  i,  1889,  and  May  28, 1900. 
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